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ABSTRACT 
The spruce budworm Choristoneura fumiferana Clem, 
is the foremost forest pest in Canada. The species is 
endemic to eastern North America. Since the turn of the 
century the insect has become a major problem in the "Great 
Lakes St. Lawrence Forest Region" of Ontario, an area where 
prior to recent times the insect did not occur in damaging 
numbers. 
Analysis of the life cycle of the insect reveals that 
the only limiting factor capable of controlling outbreaks 
is a lack of food. The required tree species is balsam 
fir Abies balsamea (L.) Mill. The forests of Ontario 
have been altered to favour the balsam fir. Logging of 
the former pine forests that once dominated the landscape 
and the fires which followed are responsible for such 
change. It has also been shown that changes in the climate 
may also be responsible for the increase in balsam fir as a 
dominant species of the forests of Ontario. 
Once established balsam fir forests and the spruce 
budworm are a self-regulating natural system, an evolved 
process that ensures a future food supply for the insect. 
The suppression of forest fires since the logging era is 
also shown to encourage the continual presence of high balsam 
fir content forests. The budworm will continue to thrive 
and cause damage in that region where it did not formerly 
occur in significant numbers. 
v 
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There are a great many species of organisms which 
are potentially harmful to man or the economy upon which 
we depend. ELTON (1960) has described the enormous in-
crease of such organisms as an "ecological explosion". 
They may be an infectious virus like influenza, a bacteria 
like bubonic plague, a fungus like that of the potato 
disease, a green plant like prickly pear, or an animal like 
the gray squirrel. The work "explosion" generally refers 
to rapid population increase and/or spread and is used 
deliberately to indicate a bursting out of biological 
control. Some "ecological explosions" may seem to develop 
slowly by ordinary time horizons. They may die down 
slowly. But they can be very impressive in their effects 
and many people have been killed or ruined by them, or 
have been forced to emigrate (TABLE I). 
In this paper we shall describe these kinds of prob-
lems as "biological hazards"; a phrase which indicates the 
living nature of the problem source, as well as the poten-
tial for harm. We think of biological hazards as originating 
in some extreme or unbalanced relation between different 
organisms and/or their environment with perceived adverse 
consequences for mankind. Individual organisms of the 
same species live together as a population; populations 
of different species live together and form a community. 
The community is influenced by it's physical environment. 
We call such a complex system of biotic and important 
TABLE I 
EXAMPLES OF ECOLOGICAL EXPLOSIONS FROM 
INTRODUCED ORGANISMS IN NORTH AMERICA 
SPECIES DATE AND ORIGIN OF INTRODUCTION DAMAGE 
SEA LAMPREY 
(Petromyzon 
marinus) 
NORWAY RAT 
(Rattus nor-
vegicus) 
WATER HYANCINTH 
(Eichhornia 
crassipesj) 
CARP 
(Cyprinus 
carpio) 
1833 
Atlantic Ocean 
Stowed aboard ships 
wherever man has gone 
Brought into U.S. from 
Brazil and introduced 
into Florida in 1884 
1876 
From Europe 
With this invasion, the 
multimillion dollar Great 
Lakes whitefish, sturgeon 
and trout industry collapsed. 
The drop in production was 97 
per cent between the years 
1940 and 1961. 
In the United States alone, 
rats cause an estimated 2.5 
billion dollars damage and 
loss of food supplies annually. 
The plant has spread through-
out Florida choking canals, 
bayous and rivers making boat 
passage difficult and elimin-
ating native species. 
Destroy the spawning grounds 
and nests of native fish species 
as well as the aquatic vegetatio 
essential to waterfowl in water-
ways of the U.S. and Canada. 
SOURCE: Miller 1975 
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abiotic factors an ecosystem. The value of the eco-
system concept is that it emphasizes the interaction of 
all factors in a given area and that it forces us to 
look further than studies of isolated pockets or aspects 
of biological activity. It is also believed that within an 
ecosystem a tendency towards equilibrium exists in which 
each individual in a generation is replaced by another 
individual in the next. Thus, a sharp change in the 
numbers of any particular species is seen as a disturbance 
of equilibrium and is typical of the events surrounding 
biological hazards. Most workers on population explosions 
are impressed with the complexities of these phenomena. 
GRAHAM (1939) suggested that we are indeed chiefly concerned 
with disturbed conditions and restless populations seeking 
equilibrium. He compared this phenomenon to the surface 
of the sea after a hurricane. The waves rise and fall, 
each acting upon the other adjacent waves and each affected 
by invisible currents until the position or even the exist-
ence of a mean level is obscured. 
GRAHAM (1939) considers the equilibrium concept to 
be characteristic of populations. WOODS (1974-) recognizes 
this phenomena and illustrates it by showing that rare 
plants tend to remain rare for long periods and common 
species common, unless there is some gross ecological 
change, for example, by the activities of man. 
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ELTON (1960) recognizes two rather different kinds 
of unusual population outbreaks, those that occur be-
cause a foreign species successfully invades another 
country and those that happen in native or long establish-
ed populations. The role of so-called invader species 
is central to most major damaging events associated with 
biological hazards and are of peculiar interest to geo-
graphers. The old geographic barriers such as seas, great 
rivers, high mountains and areas of desert or tundra have 
become less formidable obstacles to animal dispersal be-
cause of the development of human transport, which in-
tentionally or unintentionally carries harmless and pot-
entially harmful species over much of the world. We are 
living in a period of the world's history when thousands 
of kinds of organisms from different parts of the world 
are creating massive dislocations in nature resulting in 
huge changes in the natural population balance of the 
world, (ELTON 1960; JONES AND .JONES 1974). This is an 
exceptional ecological situation. Normally an exotic 
plant or animal is at a severe disadvantage in competition 
with long-established indigenous organisms. When an 
organism reaches a new environment it often leaves behind 
the natural controls upon it's population such as parasites, 
disease and predators. Yet it is still dependent on the 
conditions present in the new ecosystem being compatible 
for survival. Usually they are not, but these organisms 
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may have an advantage if they enter disturbed environments. 
Man's activities are continually affecting the orderly 
arrangements of nature. In particular, to provide more 
food for the expanding human population, the process of 
alteration and destruction of natural vegetation goes on 
at an increasing pace. Where areas of virgin land are 
brought under cultivation, the surviving endemic species 
are placed in an artificial environment and the results 
may be catastrophic. 
To take the case of "weeds": strictly speaking, there 
is no species that is inherently a weed. Whether a plant 
of a given species is considered such depends not only on 
it's characteristics and habits but also on it's relative 
position with regard to other plants and man. Weeds are 
generally defined as the plants with harmful or objectionable 
habits or which grow where they are not wanted, usually 
in places where it is desired that something else should 
thrive. Corn is a valuable agricultural plant but would 
be considered a weed if it grew in a bean field. Poison-
ivy (Rhus radicans L.) is not a hazard to agriculture 
but poses a threat to campers and therefore may even be 
considered a weed in the wild (MUENSCHER 1955; MONTGOMERY 
1964; DE ONG et. al. 1972). 
Among the most striking characteristics that lead to 
plants becoming weeds are those relating to their habits 
of growth and seeding; (i) many weeds are capable of 
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thriving under adverse conditions and especially the 
"disturbed" environments of cultivation favourable for 
the growth of crop plants (ii) many weeds are able to 
regenerate lost parts (iii) a number of perennial weeds 
can spread by vegetative means even though they are pre-
vented from producing seeds (iv) many weeds are able to 
grow under adverse conditions because they have much re-
duced or modified leaves and other aerial parts and thus 
conserve moisture (v) the flowers of many; not all, weeds 
are very small and inconspicuous. Such flowers often pro-
duce mature seeds before their presence is suspected 
(vi) many weeds contain substances which give them a 
disagreeable taste or odor; others are covered with sticky 
materials, stiff hairs, spines or thorns. All these de-
vices tend to protect such weeds against injury by 
natural enemies or domestic animals, (MUENSCHER 1955). 
Prior to the arrival of the white man in America the 
continent was covered with a well entrenched native flora. 
The European, however, was an agriculturalist and with 
his own views on growing crop plants and how farmland 
should look. He cleared away the native flora and planted 
his crops. This left space for invasion by alien species 
and they rapidly took advantage of the clearings. As 
the settlers moved westward, more and more spaces for what 
would often become weeds were made available and even-
tually many of them became transitional in their disturbance, 
I 
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(MONTGOMERY 1964). 
The opinion is frequently held that noxious weeds 
have come from the old World where they have grown in 
cultivated land so long that they have become adjusted or 
adopted to such an environment. Here they are more per-
sistent than North American species which have not had 
such a long period for adaptation. MUENSCHER (1955) be-
lieves that in those regions of North America which were 
originally covered by forests, most of the noxious weeds 
are introduced. However, where the original vegetation -
consisted of the open grasslands, prairie or plains type, 
many native species have persisted and spread and are now 
considered weeds. When the timber was removed from the 
forested regions and the land was cleared for agricultural 
purposes, usually only a few weeds were present to contend 
with during the first few years. The .changing of the 
forests to an open field produced a new environment. The 
native woodland species that were accustomed to the re-
duced light, moist humus cover, higher atmospheric humid-
ity and other factors and conditions associated with a 
woodland environment usually were unable to persist very 
long after the land had been cleared. Soon, however, 
exotic weeds, species native to other parts of the world 
where the original habitat was similar to that produced 
by the removal of the forests, arrived, established them-
selves and frequently multiplied and spread rapidly. The 
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explanation of the large numbers of introduced species 
of weeds in certain parts of North America may be found, 
according to MUENSCHER (1955) at least in part, in the 
change of environment from woodland to open fields, rather 
than assuming that the introduced species have had a long 
time to change their habits and become adapted to an open 
field. The most successful species would be those which 
come from regions whose environment corresponds most nearly 
to the new. 
JONES AND JONES (1974) in their book "Pests of Field 
Crops" compare virgin land under cultivation to a vaccum 
and state that nature abhors such a phenomenon. Species 
of animals fail to fill all the available niches provided 
by crops and alien species even from distant habitats are 
able to move in. Whether animal pests, plant diseases or 
noxious weeds, the same principles apply. 
In nature one notable feature of natural communities 
of animals is an apparent stability. There are rarely 
so many that the host plants are destroyed and for the 
most part, numbers appear well below the absolute carrying 
capacity of the hosts and usually level off long before 
the supply of food or some other requisite is approaching 
exhaustion, (GRAHAM 1939; WOODS 1974; JONES AND JONES 1974). 
The artificial communities of animals that spring up 
in agriculture appear far less stable and epidemics of 
one oest species or another are common. A factor con-
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tributing to instability and sometimes leading to partial 
or complete destruction of the host plant is the lack of 
range of enemies that would prey on the pest and prevent 
it from multiplying excessively, (JONES AND JONES 1974). 
Whereas plants would normally be co-evolving with 
their environment and with their enemies to establish 
balances, man breeds plants that are quite out of balance 
with their environment (in the absence of constant human 
activity) and are as a result more susceptible to pests and 
diseases, (DETHIER 1976). Not only are the plants more 
susceptible to attack, the establishment of huge mono-
culture in areas that were formerly rich in diversity has 
resulted in a limited number of insect species concentrating 
in a great number on one plant instead of small numbers of 
many species and distributing themselves among many plants, 
(JONES AND JONES 197^; DETHIER 1976). 
In domesticating plants, man has .unwittingly cultivated 
insects and disease. He has made conditions for their 
growth and propagation more favourable. By growing pure 
stands of plants, plants that are susceptible to insect 
attack by having been removed from the free competition 
of evolution, he has provided unlimited food and new 
environments. Whether adverse or vulnerable ecological 
conditions must result, is still not certain. Diverse 
ecosystems are usually thought to be more stable than 
less diverse ones. But many ecologists, like JONES AND 
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JONES (1974) are beginning to consider this as hypothesis 
rather than fact. Nor is it necessarily true to say 
that a tendency towards monoculture or to farming large 
areas necessarily decreases diversity. METCALF (1975) 
believes we could profit if we were to consider a crop 
field an island in a matrix composed of a mosaic of land 
types; uncultivated land, fallow fields, and land planted 
in crops in terms of the dynamics of both the destructive 
and the beneficial insects associated with crops. Perhaps 
what man does in his agricultural environment is best 
summed up by DETHIER (1976) who considers agriculture 
as an artificial phenomenon marching to man's cultural 
tune in an evolutionary parade that marches to a biolo-
gical tune. 
Agriculture is not the only activity of man that has 
been attacked by biological hazards. Lakes and rivers 
are choked with unwanted vegetation and fish, while de-
sirable species have become rare or extinct. The im-
plications of diseases are well known and annually we 
lose great amounts of stored goods to insects, rodents 
and fungi. 
Whatever hazard is considered the theme of this 
research paper is that man sets in motion the consequences 
of nature in a disturbed environment. It would appear 
that agricultural pest problems have been the most fully 
researched and in most cases the population densities of 
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the plants and animals concerned is important and de-
tectible. When the impact of the pest reaches an economic 
threshold, action is taken to protect the crop with the 
herbicide, insecticide or other means of control easily 
applied. In most cases the population is readily con-
trolled, although it may fluctuate from year to year and 
place to place. 
However, the principles involved concerning the laws 
regulating insect populations becomes much more apparent 
and can be best studied in those places where the influence 
of man is least felt. The forest provides an especially 
favourable ground for such population studies. In contrast 
to agricultural lands where plowing, sowing, cultivation, 
spraying and harvesting each follows on the heels of the 
others, year after year, forest lands may lie for many 
years undisturbed. Thus, of all the l.ands under control 
of man the forests are the least disturbed and the 
operation of natural laws are least obscured, (GRAHAM 
1939). The opportunities for population studies that the 
forest affords have been only slightly utilized. For the 
most part entomologists have been concerned with immedi-
ately applicable results while recognizing that the com-
plexity of the insects themselves require a great deal 
of time in order to establish life cycles. Another 
important aspect of forest entomology comes from DETHIER 
(1976) and his suggestion that man tends to think in a 
time scale geared to his own life span and therefore the 
immediate consequences are more important to him than the 
long term ones. Unlike the annual crop production of 
agriculture, forestry requires many decades to reproduce 
a new forest for utilization and short range thinking may 
have profound influences. 
The North American forest insects have evolved with 
the forest for many generations, but the results of the 
onset of white settlement, its exploitation of forests 
and clearance of forested lands has been postulated as 
having some serious consequences. The transition from 
virgin to second-growth forests has produced many ecolo-
gical problems. Numerous short term studies have been 
undertaken. However, the careful integration of research 
findings on a large scale is still wanting and affords 
an opportunity to investigate dynamics. Insect populations 
like all biological organisms normally exist under a 
condition of equilibrium. Many species of insects live 
as a part of the forest ecosystem and occur generation 
after generation in moderate numbers, only a few are 
economically significant. The fluctuations of populations 
of insects over long periods of time are characteristically 
different from species to species, because the phenomenon 
of control in nature is a complex subject itself. 
The entire question of population balance has been 
controversial because of the difficulty of producing 
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experiments that duplicate conditions in the field. WATT 
(1963); MANN (1971) and others contend that far too much 
theorizing has been done on too few facts and urges the 
use of predictive mathematical models in insect pest 
control. Such models have proven useful, but such models 
derived from scientific knowledge of the species involved 
and it's life history and characteristics, require the 
inclusion of large scale biogeography studies. Such 
knowledge provides the fundamental test of our hypothesis 
and will broaden the scope of our understanding of pest 
populations. 
The heterogeneous materials of biogeography and the 
scope of the field it covers necessitates borrowing from 
related fields, but ecology lies at the core. The eye of 
the ecologist encompasses the environment as a whole. 
If indeed, any single organism is to be studied, it is 
contemplated in it's natural niche, as a part of a com-
munity in which all members participate in the available 
resources. These in turn, are controlled, limited, ac-
cumulated, utilized and rearranged in the course of a 
complex and yet comprehensible interplay of climate, 
topography, soil and living organisms, (DANSERSAU 1957; 
VAN DYNE 1969). METCALF AND LUCKMANN (1975) consider 
the study of individuals of prime importance, their 
biology, behaviour, physiology and morphology and response 
to other members of the same species, to other organisms 
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and to biotic factors in the environment. DANSEREA.U 
(1957) realizes that if the web of relationships is 
to be understood at all it must be taken apart; the 
historical, climatic, geographic, physiological and genetic 
components must be examined separately if their mode of 
action and processes are to be grasped, only then can the 
community itself be analyzed. 
The individual pest to be studied in the thesis is the 
spruce budworm Choristoneura fumiferana Clem. The species 
is endemic to the forests of eastern North America and in 
recent years the insect has spread into regions where it • 
was not known to have previously occurred in damaging 
numbers. In the analysis it will be necessary to investigate 
the budworm as suggested by METCALF AND LUCKMANN (1975) and 
then place it in the web of relationships considered essen-
tial by DANSEREAU (1957). The dynamics of the spruce bud-
worm have resulted in a great amount of published information. 
The bringing together of the material may also aid future 
research, the ultimate goal being to solve the two questions 
that follow. 
1. What conditions are responsible for the increase 
in population of the spruce budworm to a point where it is 
now considered a serious pest of forests in a part of its 
range where, prior to nineteen hundred, it was not known to 
have caused damage? 
2. What can we learn from the study of spruce budworm 
populations in order to further our understanding of "biolo-
gical hazards"? 
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CHAPTER TWO 
THE SPRUCE BUDWORM 
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There are many insects which attack the forest of Canada. 
The most widespread, persistent and voracious is the spruce 
budworm which destroys hundreds of thousands of acres of 
valuable timber annually. 
The spruce budworm Choristoneura fumiferana Clem, is a 
native insect found only in North America. The species was 
first named by CLEMENTS in 1865 from specimens collected in 
Virginia. In 1890 PACKARD noted the damage by the insect to 
spruce (Picea sp.) and balsam (Abies sp.) in Maine during 
the later part of the 19th century and referred to the insect 
as Tortrix fumiferana Clem. In 1869 the dark variants were 
named Tortrix nigridia; in 1919 it was placed in the genus 
Harmologa. Since that time the species has been assigned 
to either the genus Cacoecia or Archips. In 1947 FREEMAN 
placed the species in the genus Choristoneura Lederer., a 
combination presently used, (FREEMAN 1953). 
A close relationship exist between this species and 
others of the genus and forest type. STEHR (1967) hypothe-
sized this close link between species of Choristoneura and 
the evolutionary history of the coniferofagous part of the 
genus will largely be a reflection of the geological and 
climatological history of North American forest communities. 
The evolved association is not with host specifity for a 
single tree species but a preference for the major or dom-
inant tree species of a given forest region. Thus the three 
northern species: Choristoneura fumiferana, C_. biennis and 
C. orae are closely associated with a pair of host, one 
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each of the genera Abies and Picea that is characteristic 
for the particular forest region. 
Choristoneura fumiferana is closely related to the forest 
regions that contain balsam fir (Abies balsamea (L.) MILL) 
and the spruces; white (Picea glauca (Moench) VOSS), red 
(Picea rubens Sarg) and black (Picea mariana (Mill) BSP.) 
(STEHR 1967). The range of the insect forms a wide arc 
from the Atlantic seaboard between Virginia and Labrador, 
west to the MacKenzie Valley in the Yukon Territories (FREE-
MAN AND STEHR 1967). The budworm reaches greatest abundance 
in the forest regions of eastern Canada. The forest and the 
insect are recognized as a self-regulating system, with 
functionally the same pattern over the huge forests that are 
attacked (BASKERVILLE 1975). 
The spruce budworm is a pest because it and the pulp and 
paper industry are competing for the same tree species. Both 
depend on the same tree species for survival. But the bud-
worm is also recognized as a pest because its numbers fluc-
tuate markedly and damage has increased in this century. The 
budworm is recognized as a serious threat to the forests to-
day and has killed large quantities of balsam fir and spruce 
in a great series of episodes in eastern Canada since the 
early nineteen hundreds. The first major noted outbreaks of 
the insect (1910-1920) has been estimated to have killed a 
volume of timber sufficient to supply all the pulp mills then 
operating for a period of forty years, (GRAHAM 1939). The total 
resources estimated to have fallen prey to budworm between 1909-46 
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is 250,000,000 cords of spruce and fir (ELLIOTT 1960). The 
mortality has been vividly illustrated from 1909 as the 
equivalent of a stack of pulpwood four by sixty feet en-
circling the globe at the equator, (PREBBLE 1951). 
LIFE HISTORY 
In most regions in most years the moths lay eggs in July. 
The budworm eggs are laid as pale green clusters on the needles 
of the host trees. The number of eggs per cluster varies with 
the average being twenty (MCGUGAN 1954-). The number of eggs 
laid by a female is quite variable and has been shown to 
be influenced by the degree of current defoliation (BLAIS 
1953). A study by McGUGAN undertaken in 1946, 1947 and 1948 
showed the average number of eggs laid as being 111; 119 and 
99 respectively. The average number of egg clusters laid per 
female was found to be approximately six with variations from 
one to twenty seven. Certain insects and mites are the only 
two recognized predators of eggs, (NIELSON 1963). 
The incubation period is quite variable under field 
conditions with seasonal averages being ten days. When 
expressed in degree-hours over 42° F the incubation period 
was found to be reasonably constant at approximately 2400 
units, (McGUGAN 1954; MILLER 1975). 
The dispersal of the spruce budworm occurs three times 
during the life cycle, in the fall by first-instar larvae, 
in the spring by second-instar and in the summer by moths. 
The tiny first-instar larvae react to light upon 
hatching and move towards the tip of the needle where under 
favourable weather conditions crowding causes some of the 
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group to drop on silken threads. The larvae may drop far 
enough to land on a twig beneath, or under proper conditions 
be caught in air currents and be borne above the level of 
the trees and distributed throughout the fir-spruce canopy 
(WELLINGTON and HENSON 1947). The larvae that are launched 
depend for survival on the probability of encountering 
hospitable sites (MOTT 1963). 
Upon contact with debris the larvae spin a protective 
hibernaculum, in years of unfavourable weather the spinning 
is rapidly undertaken. The larvae prefer staminate flower 
cups as niches for the spinning of hibernacula (WELLINGTON, 
and HENSON 1947 ; BLAIS 1952 ; MOTT 1963). 
It has been postulated by earlier researchers that 
since hatching takes place over a period of time survival 
of the first-instar larvae is dependent on the variety of 
weather conditions that occur over that time. Recent work 
by THOMAS (1977) has shown that a variation in temperature 
and relative humidity have little direct effect on larval 
mortality. 
The failure of the larvae to spin hibernacula occurs 
in less than five per cent of the population. When in the 
hibernacula mortality has been shown to account for fifteen 
per cent of the population and vary between four and twenty-
two per cent (MOTT 1963). 
The spruce budworm emerge as second-instar larvae in 
late April or early May. The time of emergence may vary 
from year to year. Emergence may be sudden and readily 
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detectable in the field over one or two days or last more than 
a week. Emergence takes place after the air temperature 
reaches 60°F and like earlier larval stages is related to 
accumulated heat units (ROSE and BLAIS 1954 ; SHAW and 
LITTLE 1973). 
When emergence takes place over an extended period of 
time, late dispersing larvae differ appreciably, the latter 
having lower pupal weights and later pupation date, (SHAW 
and LITTLE 1973). Newly emerged second stage larvae are 
strongly photopositive which tends to draw them towards 
the periphery, the region of most suitable food. During 
the movement these young larvae of this instar are susceptible 
to dispersal by air currents. At this time of year frequent 
turbulent conditions move many of the larvae before they 
establish protective sites. Precipitation and cloud cover 
either washes most of the larvae out of the air or in 
combination with cloud cover reverses their normal response 
(WELLINGTON and HENSON 1974 ; HENSON 1951 ; SHAW and LITTLE 
1973). 
Weather and temperature conditions favourable for the 
emergence from hibernacula precede the swelling and burst-
ing of vegetative buds. The buds are the preferred food 
of larvae, however they resort to mining needles of foliage 
of the most recent growth. These mining habits upon 
emergence from hibernacula protect the young from predators 
and from unfavourable weather in seasons when large numbers 
of larvae emerge before balsam buds have opened (ATWOOD 
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1944 ; BLAIS 1952 ; McGUGAN 1954). 
In years that wind dispersal takes place the surviving 
population depends on the number of larvae finding suitable 
feeding sites (MOTT 1963). The temperature and relative 
humidity have little direct effect on the survival of the 
second-instar larvae (THOMAS 1977). 
The larvae pass through several molt stages on the 
host trees. The larval stadia are quite variable but two 
general trends are apparent, the fifth is the shortest and 
the sixth the longest. Male larvae also develop more 
quickly than females invariably resulting in the first 
pupae being males (McGUGAN 1954). 
In early June the largest instar, the sixth emerges 
and causes most of the feeding damage. This is the most 
vulnerable stage of the budworm life cycle as they are 
exposed to predators, parasites, diseases and are dependent 
on the availability of food and weather-conditions. 
The parasites include some ninety recognized species 
as able to parasitize the budworm but only some fifteen 
are common. A few are budworm specific and have their 
life cycle synchronized with the host. They have con-
siderable capacity to reproduce at a rate that matches the 
increase of the budworm within lower limits of epidemic 
populations, but have never been known to prevent an 
outbreak. Parasites are more effective in the later stage 
of an outbreak and contribute to its collapse (MILLER 1975). 
Birds are able to efficiently prey upon the large 
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larvae and pupae when budworms are scarce. However, their 
density in softwood stands seldom rises above two pairs 
per acre and is therefore insignificant in terms of impact 
on numbers. Spiders and other predators play a slight 
role in influencing conditions (RENAULT and MILLER 1972; 
MILLER 1975). 
The budworm is infected by a number of diseases in-
cluding viruses, bacteria, microsporida and fungi. They 
seldom cause a high rate of mortality except when abnormal 
weather reduces the resistance of the insect (NIELSON 1963; 
WILSON 1973). 
After the completion of pupal stages the moths emerge 
in late June to late July to complete their life cycle. 
Newly gravid females are usually unable to fly but mate 
within a day of emergence, lay a few eggs on the second day 
and are capable of active flight (WELLINGTON and HENSON 
1947). Only when suitable food supply does not allow 
females to reach full size are they able to fly soon after 
emergence (BLAIS 1953). 
Mass dispersal of egg carrying moths may take place, 
with wind conditions a primary prerequisite (HENSON 1951). 
The appearance of large scale moth flights have been com-
pared to a snowstorm in the tree tops (GRAHAM 1939). Such 
flights take place in the evening or early part of the 
night, insects which are deposited after a mass flight 
are battered but still quite active (HENSON 1951). It is 
possible invasion of egg-carrying moths may trigger an out-
break in a given locality and may cause considerable 
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fluctuation from year to year in a local budworm density, 
however overall trends seem to be little influenced by 
invasions (ROYAMA 1977). 
The biocontrol factors which are linked with the life 
history of the budworm are not dominant influences in the 
natural regulation of rising outbreaks because they do 
not become relatively more effective as the host population 
increases. When the environment favours the budworm popu-
lation to risefrom endemic levels to epidemic levels the 
insect is capable of excessive damage. 
FOREST CONDITIONS 
The spruce budworm feeds on white spruce, red spruce, 
black spruce and balsam fir, with the latter the preferred 
host. The defoliation of such coniferous trees usually 
results in the reduction of radial growth owing to a re-
duction in the photosynthetic production of the crown. Such 
defoliation must extend over a few years to affect increment 
whereas deciduous trees may be affected in one season 
(BLAIS 1952). 
The mortality of balsam fir due to defoliation by the 
spruce budworm generally commences in the fifth year of 
attack, but exhibits a deal of variability. Once initiated 
tree mortality may be rapid (BELYEA 1952 ; BLAIS 1952). 
A study by BLAIS (1958) in the Lac Seul area of northern 
Ontario found an increase from twenty-five to seventy-five 
per cent in two years. 
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Physiologically mature or flowering balsam fir trees 
usually harbour higher populations than the immature or 
non-flowering trees. They are subjected to heavy defoliation 
until the food supply is exhausted at which time large 
numbers of larvae abandon the flowering trees which are 
then severely defoliated. When trees are subjected to loss 
of old foliage in addition to that of the current years 
growth they die sooner than trees where defoliation is 
restricted to only the new growth. Generally mortality of 
mature or flowering trees occurs before that of immature 
or non-flowering trees (BLAIS 1952, 1958). 
There are exceptions to these general trends. In a 
study by BLAIS (1958) in the Lac Seul area of Ontario, the 
first trees to succumb to budworm attack were small sup-
pressed balsam growing under mature balsam and white spruce. 
Mortality of this group was initiated by the third year of 
defoliation. In the same area the merchantable trees 
began to die after five years. 
Evidence that fir mortality in immature stands exist 
from several other studies and usually occurs after five to 
seven years defoliation, a number of years equally lethal 
to mature stands (BASKERVILLE 1960 ; HATCHER 1964). When 
mortality does not occur several years growth in diameter 
and height may be lost. The attack of the spruce budworm 
does not always result in damage to all stands. In a study 
on the Green River Watershed in New Brunswick stands which 
were forty five years old at the time of attack suffered 
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little damage whereas those seventy five years or older 
suffered severe mortality (MORRIS and BISHOP 1951). 
Mature forest have an increase in the basal area and 
the quality of foliage per acre. Such a method of measure-
ment is a more important factor than the average size of trees 
in determining per centage mortality (MORRIS 1958 ; MORRIS 
and BISHOP 1951). 
Intensity and duration of attack are directly related 
to mortality. Although it is very difficult to accurately 
define the limits of vulnerability as expressed by species 
composition, density, age or vigour. It is safe to assume" 
mature balsam fir in contiguous areas constitute a major 
predisposing factor for budworm outbreaks. 
In mature balsam forest devastated by the budworm 
over ninety-five per cent mortality may occur, but generally 
more than enough seedlings survive to assure well stocked 
future stands (HATCHER 1964). 
The stand species composition is the most important 
aspect when attempting to predict potential mortality. 
There is a reduction in balsam fir mortality with an in-
crease in the non-host basal area. The non-host vegetation 
may include aspen (Populus sp.) birch (Betula sp.) and 
pine (Pinus sp.). In most cases the balsam fir are inter-
mediate in height to the scattered non-host species 
(TURNER 1952 ; BATZER 1968). Shortly before the outbreak 
of the spruce budworm in the Lake Nipigon region of Ontario, 
the overmature aspen overstory began to break up rapidly, 
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possibly hastened by an outbreak of the eastern forest tent 
caterpillar (Maiacosoma sp.) which swept the area during 
the years 1936-1939 (BELYEA 1952). Trees growing in the 
shade or partial shade of other trees are not severely de-
foliated and usually die later than those growing in the 
open (BLAIS 1958). It also has been postulated that even 
in dense balsam stands an open crown condition will enhance 
larval survival (MOTT 1963). The shade from surrounding 
trees affects both the larvae which are attracted by sun-
light (WELLINGTON and HENSON 1947) and the balsam trees as 
staminate flowers are only produced when fully exposed to 
sunlight (BLAIS 1961 a). Forest composition may also in-
fluence the influx of moths and small air borne larvae 
(TURNER 1952). 
Stands which are purely or very predominantly spruce 
of any species do not harbour severe sustained outbreaks. 
When growing with balsam fir the mortality will be more 
severe. 
White spruce is preferred for oviposition as it pro-
duces longer and more rapid shoot growth than balsam fir. 
There are records of the insect being persistent in white 
spruce for several years without causing appreciable 
damage (MORRIS 1958). Mortality may occur; in Quebec 
mortality has been shown to be variable with an average of 
twenty per cent. (BLAIS 1976). Since white spruce can 
sustain a population of budworm attack and is a preferred 
site for deposition of eggs mortality of balsam fir may 
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increase with the basal area of white spruce in a stand 
(TURNER 1952 ; BATZER1969). 
Black spruce is relatively immune to severe spruce 
budworm damage. When larvae are borne on this species 
they are forced to feed on old foliage or mine unopened 
buds for a longer period of time as the new foliage appears 
earlier on balsam and white spruce (BLAIS 1957 ; BATZER 
1968). Larvae forced to feed on old foliage (of any species) 
show a higher rate of mortality, develop more slowly and 
lay fewer eggs (BLAIS 1952). When larvae are found on 
black spruce there is a noticeable decline in numbers in 
the third and fourth instars. Only at times of heavy 
flowering are black spruce suitable as host for the larvae, 
however such conditions are sporadic (BLAIS 1957). 
When larvae destroy much of the current years growth 
the fifth and sixth instar larvae may be forced into 
extensive wandering. Current years growth would be avail-
able on black spruce at this time and would provide food 
for many insects that would normally starve. When growing 
in mixed stands with balsam and white spruce, black spruce 
contributes to maintaining high levels of budworm populations. 
Occasionally trees are killed and may show a loss in radial 
growth (PREBBLE 1951 5 BLAIS 1957 ; MILLER 1975). 
In analyzing the degree to which the spruce budworm 
is responsible for the mortality of the forest attacked 
it is necessary to review the role of associated insects 
and diseases. 
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There are some ten species of insects and at least 
five species of fungi habitually altering the timber. 
Two species of insects; the bark beetle (Pityokteines 
sparsus) and the sawyer beetle (Monochamus scutellatus) 
have been found abundant and observed to attack trees before 
death was obvious. Increased supply of weak or dying white 
spruce also allows for the increase in numbers of the 
bark beetle (Dendroctonus piceaperda) from endemic to de-
structive numbers. Insect invaders attack the trees at 
or near the time of death and give way to a more gradual 
fungal invasion which after two years replaces the insects. 
Such attacks may alter the timber so as to render it useless 
for salvage and may constitute an additional fire hazard. 
However, they are not a part of tree mortality, for no 
real damage is done to the tree before death is obvious 
(BELYEA 1952; THOMAS 1958; 3ASHAM AND BELYEA 1960). 
VAN RAALTE (1972) proposed a theory of epicentres 
for the emergence of budworm epidemics. In discrete areas 
that have a number of attributes including quality and 
quantity of food and climate a release from normal bio-
controls results in an explosion of the population. These 
local points then rapidly coalesce through larval and 
moth dispersal to produce a widespread outbreak. Although 
the criteria for designation of highly susceptible forests 
is based on New Brunswick and variability exist in sus-
ceptibility, it presents a useful overview of forest com-
position. 
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1. Fir-spruce stands are highly susceptible if 30% 
or more (by volume) is balsam fir and the associated species 
is white spruce or red spruce. 
-susceptibility decreases with decreasing fir content 
-susceptibility decreases if fir is associated with 
black spruce or other non-host species 
2. Stand age/Height 
-susceptibility increases if conifers are older than 
60 years 
-stands are generally non-susceptible if conifers are 
less than 40 years old 
-potentially vulnerable stands are less susceptible 
if overtopped by non-host species 
3. Stand Density 
-susceptibility is greatly increased where conifers 
average more than 8 cords/acre and crown closure reaches 
a maximum 
4. Isolation 
-susceptibility is greatly increased where stands are 
within continuous forest which is in general susceptible 
-isolated stands of 100 acres or less are non-sus-
ceptible 
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5. Topography 
The exact influence of topography on susceptibility is 
not well understood but it is clear that altitude, slope 
and aspect combine to create local climates, which yield 
favourable or unfavourable environments for budworm develop-
ment. 
CLIMATE 
The effect of weather on the outbreak of spruce bud-
worm epidemics is an important consideration. Historically 
climatic conditions in New Brunswick have become favourable 
for the budworm in those areas where outbreaks began. Dry 
and sunny weather creates optimum conditions for feeding 
and rapid development of larvae throughout the region that 
experiences the change to favourable climate. Weather may 
also affect populations through increases in the production 
of staminate flowers and the dispersal of insects for an 
adequate reproductive potential, (GREENBANK 1956, 1957). 
Studies carried out in the province of Quebec between 
1939 and 1951 by PILON AND BLAIS (1961) indicate that 
early summer drought periods undoubtedly occasioned endemic 
populations to react with an increase in numbers. The 
prevailing winds during the research were from west to east 
and the outbreaks proceeded in the same direction. Such 
spreading was the explanation for the presence of out-
breaks in two regions where prolonged drought periods 
did not occur. The two factors of favourable climate and 
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dispersal were concurrently responsible for the rapid 
progress of spruce budworm outbreaks. 
Studies in Northern Ontario show that when the annual 
numbers of cyclonic centres passing over an area is below 
average in late spring and early summer the air remains 
relatively dry and clear. Such conditions have been found 
to favour outbreaks of the spruce budworm and forest tent 
caterpillar, (WELLINGTON 1952). 
Although violent adverse weather is capable at critical 
life stages of drastic reductions in populations, such 
conditions generally only affect development not survival 
(ROYAMA 1978). Adverse cool weather may retard development 
directly or create a shortage in current year's growth, (BLAIS 
1956). Exposure to high temperatures may also affect the 
reproductive success of insects, (SANDERS 1967). Weather 
may also increase the activity of parasites and predators, 
disease and the length of time during which the larvae 
are exposed, (MORRIS 1963). 
The association of regional climatic changes and the 
development has resulted in the theory of "climatic release". 
Dry warm weather favours budworm development and under proper 
forest conditions results in a rapid increase in population 
from endemic levels. 
BACKGROUND TO THE HISTORY OF BUDWORM OUTBREAKS 
We are apt to regard any insect that competes with 
our interest as a pest, but it is only so when control is 
considered necessary to prevent persistent damage. Though 
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the budworm is endemic to eastern Canada and always present, 
only at certain times does it reach damaging numbers and 
spread, the "population explosion" spoken of earlier. 
Insects because of their prolific nature do have 
enormous potential for multiplication. They are kept in a 
steady state equilibrium only by a prodigious mortality, 
slight relaxation of which will result in a number of in-
dividuals reaching outbreak proportions. Under natural 
conditions this intense and highly evolved "pest-control 
program" tends to limit violent fluctuations in populations. 
If such conditions were not characteristic of plant and 
animal populations there would more frequently be extinctions 
or the domination of the earth by a few species. So the 
question arises why, in a seemingly "natural" situation of 
forests the spruce budworm creates havoc by periodically ex-
ceeding all control, suddenly exploding into a prominence 
only limited by food supply? 
The spruce budworm outbreaks are critical in the develop-
ment of fir-spruce forests in eastern Canada. Through de-
foliation, mature and over-mature stands are killed and young 
growth is established. In such a system the insect is en-
sured of a future food supply favourable for continued ex-
istence of populations. 
The radial analysis of white spruce growth rings provides 
scientific evidence of attack by the budworm for the past 200 
to 300 years for western Ontario, central Ontario, central 
Quebec, eastern Quebec, New Brunswick and Maine (FIGURE III) 
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(FIGURE IV). 
Early researchers suggested that past outbreaks of the 
insect would increase the proportion of balsam fir in fir-
spruce stands. The reasoning was based on the fact that 
fir was more susceptible to mortality after defoliation, 
(CRAIGHEAD 1925; DE GRYSE 1944). More recent research has 
found no appreciable difference between balsam fir and spruce 
in either shade tolerance or their ability to profit from 
release. The trends in forest succession as indicated by 
comparison of the ratio of balsam fir to spruce in the 
original stands and in the seedling populations, proved to 
be strongly dependent upon the region in which the data were 
gathered, (GHENT et al. 1957). In all cases removal of 
overstory will result in the understory responding with 
increased height growth, (THOMAS AND FRYE 1963). Under 
natural conditions the spruce budworm and the host forests 
are not changing much in the long term and are not in-
creasing the fir content of the forests, (BASKERVILLE 1975). 
Budworm forest are very susceptible to fire and generally 
speaking when fire occurs there is a tendency for the forest 
composition to move away from susceptible species and favour 
black spruce, jack pine (Pinus banksiana Lamb.) and aspen 
(Populus sp.). Only after an extensive period of time will 
balsam fir and spruce replace the stands, (MACLEAN 1960; 
BLAIS 1954; BLAIS 1968; ELLIOTT 1960). In New Brunswick 
following burns, stand composition has been altered to 
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favour spruce over balsam fir and it has been suggested that 
suppression of burns may be an important influence of man, 
(MORRIS 1958). 
It has been shown repeatedly in various sections of 
eastern Canada that cutting favours the reproduction of fir 
seedlings, which are shade tolerant and known to be capable 
of surviving severe competition after logging, (HATCHER 1960; 
MACLEAN 1960). 
The ability of balsam fir to reproduce in moderate shade 
and not being particularly demanding also allows the species 
to benefit from natural maturing of forest and disintegration. 
Although forest composition determines the predis-
position of the forest to budworm outbreaks and affects the 
rate of spread and duration of outbreaks, there are major 
variations between intervals of attack within regions and 
between regions, (BLAIS 1968). Areas with a high content of 
balsam fir have escaped attack and those with a low content 
have been attacked, (PREBBLE 1951). 
Large mature, self-perpetuating stands of forests in 
the Gaspe* Peninsula and Lower St. Lawrence have had free-
dom from attack in the past. One hundred years prior to 
1912 evidence suggest that outbreaks did not occur in the 
Gaspe' and showed a limited infestation at Fief St. Clair 
in the Lower St. Lawrence Region about 1870. In 1912 out-
breaks occurred in both regions and in 1950 much more severe 
outbreaks took place. The total infestation in 1950 covered 
14,000 square miles and without intensive spraying would 
39 
HISTORY OF OUTBREAKS 
1704— LAURENT IDE PARK QUEBEC 
1748— LAURENTIDE PARK QUEBEC 
1760— SOUTHEASTERN QUEBEC AND NORTHERN MAINE 
1802— LAC SEUL REGION(ONT.) AND AREA OF LAKE NIPIGON (ONT.) 
— SOUTHEASTERN QUEBEC AND NORTHERN MAINE 
1808— LAURENTIDE QUEBEC 
1832— CENTRAL ONTARIO 
1834— LAURENTIDE PARK QUEBEC 
1862— LAC SEUL AREA OF ONTARIO 
1870— FIEF ST. CLAIR - LOWER ST. LAWRENCE 
1877— SOUTHEASTERN QUEBEC AND NORTHERN MAINE 
1880— SOUTHWEST OF LAKE NIPIGON 
1910— LAURENTIDE PARK QUEBEC 
1911— EXTENSIVE DAMAGE IN NEW BRUNSWICK AND THE LOWER 
ST. LAWRENCE 
— LIMITED AREA OF ONTARIO IN THE LAC DES MILLES AREA 
REMAINDER OF ONTARIO PULPWOOD STANDS NOT AFFECTED 
— ALMOST ALL THE REMAINING AREA SUSCEPTIBLE TO BUDWORM 
ATTACK IN EASTERN NORTH AMERICA WAS SERIOUSLY AFFECTED 
1920— THIS PERIOD IS MARKED BY THE MOST WIDESPREAD SERIES OF 
to OUTBREAKS KNOWN TO AFFECT STANDS IN EASTERN NORTH AMERICA 
1950 
FIGURE IV 
SOURCE — (BLAIS 1954-, 1961, 1964, 1965, 1968 
(TURNER 1952) 
( ELLIOT 1960) 
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have killed an additional 13 million cords to the 1.4 million 
cords lost. The sudden increase in attack is blamed on two 
other insects, the European spruce sawfly (Diprion hercyniae 
(Htg) ), the spruce bark beetle (Dendroctonus rufipennis 
(Kirby) ) and the mysterious "birch die back" which combined 
to increase the fir content of the forest from forty-six to 
eighty per cent, (BLAIS 1961a). 
The Laurentide Park Quebec has a long history of out-
breaks (FIGURE IV) which became progressively more extensive 
in the 19th and 20th centuries. The increase in severity 
is attributed to clear cutting of pulpwood stands and death 
of birch due to the birch "die back disease", the result 
being conversion of mixed wood stands to more vulnerable 
pure conifer woodlots, (BLAIS 1965). 
Once the budworm becomes a natural part of the evolved 
forest the population becomes established in a cycle which 
has for centuries ensured its existence, and future stands 
will provide a food source for new generations. 
The importance of insect pests generally in Canadian 
forests has been attributed to the relatively huge areas 
which are occupied by similar or closely related forest 
types. In each forest type there are also only a small 
number of trees, usually not exceeding five or six which 
predominate, (PRS33LE 1951). 
In eastern Canada there are four forest regions, the 
"Boreal Forest Region", the "Acadian Forest Region", the 
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"Great Lakes St. Lawrence Forest Region" and the "Deciduous 
Forest Region", (ROWE 1972) (FIGURE I). 
The "Deciduous Forest Region" has escaped the ravages 
of the spruce budworm because of a lack of suitable conifer-
ous species. 
The "Boreal Forest Region" of Canada is the vast land 
which extends into the tundra. The characteristic forest 
cover is composed of balsam fir, black spruce and white spruce, 
trembling aspen (Populus tremuloides Michx.), jack pine and 
white birch (Betula papyrifera Marsh.). The balsam fir 
content of the forest region increases in an easterly 
direction. Such areas have a long history of outbreaks and 
have been only slightly influenced by man in the past, 
(FIGURE I) (FIGURE II). 
The "Acadian Forest Region" is characterized by a cover 
type consisting of balsam fir, red spruce, maple (Acer sp.) 
and yellow birch (Betula lutea Michx. f.). Much of this 
forest region has a long history of attack and has a naturally 
high balsam fir content forest. Even though large spruce 
and pine trees probably were more abundant at one time in 
the Maritimes than now, adequate evidence that extensive 
areas of high balsam content occurred long before the act-
ivities of man became an important influence. More recently 
forest harvesting activities have begun to influence the 
character of the forest to shift the species composition to-
wards more balsam fir. Present forest in the Maritimes 
has very likely been rendered more susceptible to damage 
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by the die back of birch. It also appears that certain 
outbreaks have been preceeded by extensive outbreaks of the 
eastern tent caterpillar, (MORRIS 1958; BASKERVILLE 1975). 
Throughout Quebec and the Maritime provinces balsam 
fir reaches its maximum density. The area has a long 
history of budworm attack and the present forest has be-
come more vulnerable due to recent activity by man and the 
defoliation of birches and other deciduous trees through 
disease and attack by other insects. 
In western Ontario balsam fir comprises less than 
ten per cent of the forest, except in two small areas; 
one on the west side of Lake Nipigon, the other near 
Sioux Lookout, where fir comprises ten to thirty per cent 
of the forest (FIGURE II). There is evidence of past out-
breaks in both areas around 1802. The first of these areas 
was the epicentre of the 1940 infestation in the Lake 
Nipigon region, and the second was the epicentre of the 
1863 and the 1940 outbreaks in the Lac Seul region, (FIGURE 
II) (FIGURE III) (FIGURE IV) (BLAIS 1954; ELLIOTT 1960). 
In this particular area of Ontario, forest fires have 
occurred naturally over wide regions and are responsible 
for resultant forest changes, (BLAIS 1968). The original 
forests were composed of non-host red and white pine which, 
because of fire, gave way to the more vulnerable spruce-
fir cover type, (ELLIOTT 1960). 
43 
In Ontario balsam fir occurs in greatest abundance in 
the Algoma region where it comprises eleven to thirty per 
cent of the forest. It is not surprising this area of 
central Ontario has a long and natural history of budworm 
infestation (FIGURE II) (FIGURE III) (FIGURE IV) (BLAIS 1954). 
Studies on past outbreaks for a two. hundred year 
period suggest pulpwood stands within some regions of the 
Atlantic sector were subjected to four outbreaks, while 
pulpwood stands in Ontario suffered only two attacks. 
Optimum forest conditions occur in Maritime areas of eastern 
Canada, whereas optimum weather conditions prevail in Ontario. 
It appears that forest are a more limiting factor in 
Ontario than climate in the Maritime region since infestations 
occurred more frequently in that area (BLAIS 1954 > BLAIS 
1968). 
Unlike the forest of Quebec and the Maritimes the 
remaining portion of Ontario is not composed of a high 
content balsam fir forest (FIGURE II). The "Great Lakes 
St. Lawrence Forest Region" is composed of a mixture of 
southern and northern species. The characteristic species 
of the region are white pine (Pinus strobus), red pine 
(Pinus resinosa), eastern hemlock (Tsuga canadensis (L.) 
Carr.) and yellow birch. With these are listed certain 
dominant broad leafed species common to the "Deciduous 
Forest Region" such as sugar maple (Acer saccharum Marsh.), 
red maple (Acer rubrum L.), basswood (Tilia americana L.) 
and elm (Ulmus americana L.). Other wide ranging species 
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are eastern red cedar (Thuja occidentalis L.) and large-
tooth aspen (Populus grandidentata Michx.) and to a lesser 
extent beech (Fagus grandifolia Ehrh.), white oak (Quercus 
alba L.) and butternut (Juglans cinerea L.). Boreal species 
such as the white and black spruce, balsam fir, jack pine, 
trembling aspen, balsam poplar (Populus balsamifera L.) 
and white birch are intermixed and in certain portions as 
well as in the east, red spruce becomes dominate (ROWE 
1972). "The Great Lakes St. Lawrence Region"of Quebec and 
the Maritime provinces has a higher content of balsam fir 
and other susceptible species such as white and red spruce. 
It also has a history of outbreaks and recently has come 
under major attack due to the defoliation of deciduous 
forest (FIGURE I) (FIGURE II) (FIGURE III) (FIGURE IV). 
Figures I, II and III show that only a small portion 
of the "Great Lakes St. Lawrence Forest Region" borders on 
areas considered to have medium to heavy concentration of 
balsam fir. The area west of Lake Superior and the Algoma 
region. We have previously discussed the conditions of 
outbreaks within these forest districts. It is the re-
mainder of the province classified as the "Great Lakes 
St. Lawrence Forest Region" that creates the problem, for 
here only light concentrations of susceptible forest are 
found, however, a glance at the Appendix will show the 
degree to which the region has been attacked. The role 
of defoliators on the deciduous forest must be given due 
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consideration, but the basic problem is the condition of 
present fir-spruce stands. 
Early researchers suggested that the epidemics of the 
spruce budworm were the result of unregulated cutting 
operations, forest fires and natural selection. These 
agencies produced a forest that contained a very high per-
centage of balsam fir, (GRAHAM 1939a). Since the majority 
of research has taken place in the areas which have a long 
history of outbreaks, the notion has only been given 
minimal consideration. This is justified for the majority 
of eastern Canada, the exception being the area of the 
"Great Lakes St. Lawrence Forest Region" within Ontario. 
Since 1900 the area has suffered ever increasing attacks 
both in total forest involved and extent of damage, (APPENDIX 
I). 
It is imperative that such an approach, ie. that of 
how past land use affected present forest, receive attention. 
The behaviour of forest vegetation is fundamentally dependent 
upon ecological principles and the vegetation present is 
the product not only of the land type and climate but the 
life-renewing (or thwarting) agencies that have been at 
work upon it. 
Unlike the remainder of eastern Canada, the influence 
of man has been increasing within southern Ontario and 
Quebec in determining forest succession. The "Great Lakes 
St. Lawrence Forest Region" has been greatly influenced by 
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the onset of white settlement. The forests of southern 
Ontario have been cleared and burned over for farm land, 
forests were logged for lumber and more recently for 
pulpwood. Associated with logging were extensive forest 
fires aided by debris from the industry. 
Although the range of white and red pine extends some-
what into the "Boreal Forest Region" greatest concentration 
and growth occurs in the remainder of the forested areas of 
Ontario. The two trees were also the mainstay of logging 
activities. Both species, especially the majestic white pine, 
have disappeared over the area in which they formerly domin-
ated. Logging activities not only- removed the old growth 
stands but also the advanced growth and seed sources. After 
cutting, competing trees and shrubs of both pioneer and 
tolerant classes (usually undesirable species) have been 
greatly encouraged. This has been to the detriment of pine. 
Satisfactory stands of white pine only rarely develop after 
cutting, (CALDWELL 1957; HORTON AND BROWN 1960). 
In nature fire is an important ecological factor in 
producing pine stands. But, unlike natural fires, the fires 
that follow logging are much more severe as they are aided 
by the piles of slash left by the lumbermen. The seedlings 
are unable to withstand the intensity of the outbreak, 
(ANDERSON AND KAYA 1976). 
Deforestration in order to make room for farmland 
has been responsible over a relatively short period of time 
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for a major change in the animal fauna of the "Great 
Lakes St. Lawrence Forest Region". Mammals such as the 
lynx, marten, snowshoe hare and black bear and such birds 
as the spruce grouse, pileated woodpecker and the wild 
turkey have been drastically reduced over their original 
range. While an impoverishment took place among the 
forest-inhabiting species, the animals inhabiting prairie-
like landscapes increased in abundance. The eastward and 
northward spread of such animals as the coyote and birds 
such as the cardinal, bob-o-link and mourning dove has 
been assisted by the clearance of forest, (DE VOS 1962). 
Although clear cuts caused the most marked and readily 
observable changes in the local fauna, the other changes are 
no less serious. Gone are the majestic forests that once 
dominated the landscape. Though the list of species growing 
in each locality has changed scarcely at all, the dominant 
overstory and relative importance has. 
Of course, research into the changes in the forest 
composition over such a large area must incorporate much 
smaller study units than the entire "Great Lakes St. 
Lawrence Forest Region". Although similar tree species 
may be present over a large area the degree of domination 
changes. The smaller units are a product of regional 
climate and land forms, within these units smaller "site 
types" exist. The vegetation present is also a product 
of the "Depth of Material", "Soil Moisture" and "Eco-
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climate", (HILLS 1952, 1957, 1959 and 1960; ROWE 1962, 
1972). 
Not only are topographic, pedologic and microclimatic 
considerations essential in realizing the extent of past 
land use, but forest vulnerability is "related to such 
features. Earlier sections have shown the importance of 
stand continuity, stand types, composition and age, and 
the condition with respect to flower production. The 
survival of dispersing insects is also related to certain 
topographic considerations. 
Forest entomology, like other economic aspects of the 
science, has been continuously pressed for immediate 
applicable results. Tremendous volumes of literature have 
been published on the budworm, the ultimate goal being a 
method of rendering the insect incapable of damage. This 
includes the application of insecticides, release of 
pathogens and parasites, genetic manipulation and silvi-
culture. 
Despite such efforts the outbreak in eastern Canada 
in 1975 is estimated to have caused moderate to severe 
damage over five million acres of Newfoundland, one million 
acres of Prince Edward Island, fifteen million acres of 
New Brunswick, two million acres of Nova Scotia, eighty-
five million acres of Quebec and twenty-five million acres 
in Ontario, (KETTELA 1975). As well recent evidence 
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suggests the application of insecticides will increase 
future damage and shorten the interval between attacks 
by saving stands that would have naturally succumbed to 
defoliation and therefore not be available to endemic 
populations for a number of years, (BLAIS 1974). 
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CHAPTER THREE 
DESCRIPTION OF THE FORESTS 
WITHIN THE DESIGNATED STUDY AREA 
AND 
ANALYSIS OF ENVIRONMENTAL INFLUENCES 
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Chapter three is designed to describe the present 
forest within the "Great Lakes St. Lawrence Forest Region" 
of Ontario and the environmental influences that work 
upon it. This is essential not only as it relates to 
resultant outbreaks of the spruce budworm, but also be-
cause we are concerned with how the present forests re-
flect past disturbance allowing for infestations in this 
century. Here we must rely upon the published material from 
various fields, bringing them together and present those 
facts that bear especially upon the underlying theme of 
"biological hazards". 
In previous chapters both the "common names" and 
"scientific names" were presented for the various species 
of plants and animals. The repetition of scientific names 
in this chapter would not enhance the paper, when most 
readers are not familiar with them, but a listing af all 
species can be referred to in the appendix, (APPENDIX III). 
FOREST COVER 
The forests of the "Great Lakes St. Lawrence Forest 
Region" were briefly described in Chapter Two with re-
gard to the very mixed nature of the cover as classified 
by ROWE (1972). Characteristic species are the eastern 
white pine, eastern hemlock and yellow birch. With these 
are associated certain dominant broad-leaved species 
common to the "Deciduous Forest Region", such as sugar 
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maple, red maple, red oak, basswood and white elm. Other 
wide ranging .species are the eastern white cedar and 
largetooth aspen and to a lesser extent beech, white oak, 
butternut and white ash. Boreal species such as the white 
and the black spruces, balsam fir, jack pine, trembling 
aspen, balsam poplar and white birch are intermixed and 
in certain central portions as well as in the east, red 
spruce becomes abundant. 
NICHOLS (1935) described the forest of the Lake 
States and Ontario as part of the "Hemlock-White Pine-
Northern Hardwood Region" of eastern North America 
(FIGURE V). Some large areas are occupied by predominantly 
coniferous forest, others are occupied by deciduous forest, 
while extensive zones are forested with a mixture of 
conifer and hardwoods. The most characteristic species 
are hemlock, sugar maple, beech, yellow birch, white 
pine, basswood, american elm, white ash, red oak, black 
cherry, red spruce, balsam fir, white spruce, red maple 
and red pine. The climax favoured and generally developed 
on the better soils considered a mesophytic forest com-
prising a mixture of evergreen forests and deciduous 
broad-leaved trees. Sugar maple is considered the most 
universal species, however, hemlock and beech rival 
and out-rank sugar maple over large parts of their 
range. Yellow birch is less abundant except to the north 
where it may dominate. White pine is common throughout, 
GREAT LAKES FOREST 
Hemlock-White Pine-Northern Hardwoods Region 
Source; Nichols 1935 FIGURE V 
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basswood and elm sparingly represented in the climax 
eastward, become more dominant in the western Lake States 
and may reach twenty per cent of the cover type. White 
ash and red oak are common throughout, black cherry is 
frequent especially in southern regions. Variously re-
presented are balsam and white spruce in the climax to-
wards the northern fringe of eastern hemlock range and 
balsam fir is the most characteristic climax in Minnesota. 
Thus the region is considered to have no one plant associ-
ation that dominates. 
BRAUN (1954) also recognizes the vegetational unity 
of the "Hemlock-White Pine-Northern Hardwoods Region". 
Both this study and that of NICHOLS (1935) recognise the 
close approximation of the forest of the Lake States of 
Michigan, Minnesota and Wisconsin with that of the re-
mainder of the forest region. BRAUN (1954) divides the 
large forest region into two main divisions; a more 
western part, the "Great Lakes-St. Lawrence Division" 
and a more eastern part, the "Northern Appalachian 
Highland Division". The "Great Lakes-St. Lawrence Division 
is within the study area of this paper and four divisions 
are in turn divided, they are the (i) "Great Lakes Section" 
(ii) "The Superior Highland" (iii) "Minnesota Section" 
(iv) "The Laurentian Upland". 
The "Great Lakes Section" includes three more or less 
separated areas contiguous to the Great Lakes, they are 
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the region of northern lower Michigan, eastern upper 
Michigan and- that part of Ontario lying between Lake 
Huron and Lake Ontario. The "Superior Upland Section" 
is not quite co-extensive at the west and southeast with 
upland areas (Superior Upland) and extends from Lake 
Superior southward to the driftless area and overlaps 
onto the area of proglacial lake deposits. At Lake Win-
nibego, its southern boundary leaves the western boundary 
of the "Great Lakes Section"; from thence it extends in 
a general westerly, thence northwesterly direction to-
ward the head of Lake Superior. This part of the bound-
ary is determined by the limits of the range of eastern 
hemlock. The "Minnesota Section" comprises approximately 
the northeastern half of Minnesota, extreme southeastern 
Manitoba, adjacent Ontario and the western part of Wis-
consin north of the latitude of St.'Croix Falls. It 
includes all that portion of northern Minnesota usually 
mapped as coniferous forest; the Quetico, Rainy River and 
Superior west sections of Canada west of Lake Superior; 
the pinery of northwestern Wisconsin and a more or less 
transitional lobe of pine and hardwoods lying between 
the Chippewa and St. Croix rivers. The "Allegheny Section" 
is composed primarily of deciduous species, (BRAUN 1954). 
The material concerning sub-sections of the forest 
in the Lake States is included in order to recognize 
the close proximity of the forest between the Lake States 
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and Ontario so as to justify inclusion of studies carried 
out on both sides of the border in later sections of the 
thesis. Also important is the realization that although 
the forests are a mixture of species, certain sub-sections 
can be recognized and described. Such characteristic 
regions also contain certain endemic conditions. BRAUN 
(1954) demonstrates major differences which occur with 
regard to remaining portions of the "Hemlock-White Pine-
Northern Hardwoods Region" in the westerly and northern 
margins as being due to the dropping out of species, as 
the limits of their geographic ranges are reached. West 
of Marquette, Michigan, beech is not a constituent of 
the climax; neither is it at the northeastern margin of 
the region in Canada. In western V/isconsin, as the 
limit of the range of eastern hemlock is reached; the 
number of characteristic dominants, is therefore further 
decreased. Yellow birch, limited in the western-most 
part of its range in Minnesota, is not in that region a 
constituent of the climax. Basswood, one of the dominants 
in deciduous phases of the climax towards it's v/estern 
limits, is more infrequent eastward, (BRAUN 1954). 
The complexity and mixed nature of the forest 
studied, is viewed by WESTVELD (1953) in terms of spruce 
and balsam fir, the species upon which, from Chapter 
Two, it has been established spruce budworm infestations 
depend. The commercial spruce-fir belt in eastern North 
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America is generally described as three hundred miles in 
depth. A wide strip of nearly pure coniferous forests 
occupies the upper portion, below which is a transition 
zone. In the upper sections of the transition zone are 
admixtures of hardwoods, largely intolerant species; in 
lower portions intolerant hardwoods give way to tolerant 
ones; and still further south, spruce and fir give way 
to forests of deciduous hardwoods. 
In the same manner as BRAUN (1954), HALLIDAY (1957), 
NICHOLS (1935) and other authors, ROWE (1972) recognizes . 
that within the vast "Great Lakes St. Lawrence Forest 
Region" are sub-regions with characteristic forest com-
position of significant note to allow delineation of 
boundaries, (FIGURE VI). This paper is dependent on a 
thorough understanding of the forest types of Ontario 
and therefore a brief description of the forests in each 
sub-region recognized by ROWE (1972) is included in the 
appendix, (APPENDIX IV). 
The work of ROWE (1972) will prove to be very use-
ful in later sections of the thesis. When analyzing forest 
succession it will be necessary to designate particular 
types of forest associations as dominant under certain edaphic 
conditions. The work of ROWE (1972) recognizes past dis-
turbance and the resultant forests types. Similarly inclusion 
of the work of NICHOLS (1935) and WESTVELD (1953) is presented as 
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a broad overview of the general forest characteristics of 
the Lake States and the province of Ontario. A major 
restriction to be noted, however, is the superficial nature 
of much of this descriptive work, the result of the huge 
area under investigation. Search of the literature re-
vealed a lack of quantitative analysis on the large scale 
forest types. The exceptions will be presented, so as 
to allow for an understanding of the dynamic nature of 
forest ecology. 
MAYCOCK AND CURTIS (1960) in the course of the field 
work undertaken on a study of the Boreal-Hardwood forests 
of the Great Lakes Region analyzed the vegetation of an 
area stretching approximately 1,000 miles from Itasca 
Park in Clearwater County, Minnesota eastward to Algon-
quin Park in Haliburton County, Ontario. Quantitative 
data of tree and herbaceous composition were collected 
for 110 upland forest stands selected on the basis of 
boreal relationships. Only stands free from disturbance 
in the lifetime of the existing trees and of at least 
fifteen acres in size were sampled by the quarter method 
(FIGURE VII). Within the general analysis, mature white 
spruce and balsam fir were usually sparsely scattered 
through hardwood stands in the southern areas, but in 
more northern sections, especially on rocky deposits i\rith 
humus accumulation continuous minor and major local dis-
turbances, maintained these species as a noticeable portion 
of mixed stands. On the basis of the quantative analysis 
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MAYCOCK AND CURTIS (1960) suggest the forest of the "Great 
Lakes Region" are best considered as a portion of a vege-
tational gradient representing a part of a vegetational 
complex which in the southern areas of the "Great Lakes 
Region" is composed of broad-leaved tree species and in 
the areas northward, predominantly needle-leaved in char-
acter. Similarly a gradual replacement of understory 
associates takes place with greater proportions of 
boreal respresentatives northward. To imply that any 
one of the many possible phases of community structure 
is either distinctly of one type or the other, or possesses 
a nature entirely of its own, is considered by the authors 
to refute its continuous nature. 
MAYCOCK (1961) studied the spruce-balsam fir forests 
of the Keweena Penninsula in northern Michigan. The 
forest is a consequence of a gradual vegetational tran-
sition further south, through deciduous conifer mixtures 
to pure coniferous types in more northern regions. The 
ecological relationships present were fairly typical of 
those found elsewhere in the region, with remarkably 
similar vegetation on other extensive peninsular areas 
of the northern Great Lakes, including the Bruce Peninsula 
of Lake Huron in Ontario and the Door Peninsula of Wis-
consin in Lake Michigan. In the small area of the Keweena 
peninsula MAYCOCK (1961) found a gradient of vegetation 
over the area underlain by precambrian rocks. In the 
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south sections of the peninsula deciduous forests dominate 
and are composed of sugar maple, yellow birch and bass-
wood, they persist wherever soils are of considerable 
depth and mesic conditions of moisture prevail. Towards 
northern sections, forests are composed almost entirely 
of more boreal species, balsam fir and white spruce are 
encountered wherever environmental conditions permit them 
to compete favourably with the more aggressive deciduous 
species. Throughout, occur forests composed of these 
two main communities. The conclusion which MAYCOCK 
(1961) reaches is that when the composition of the individual 
stands in terms of dominant tree species is considered, 
it is clear that they are predominantly boreal in char-
acter. The conclusion itself has little implication for 
our topic, but his explanation of it certainly has re-
levance. The moderated climatic influences produced 
by Lake Superior are given as the probable explanation 
for the existence of these southern outliers of the 
boreal forest. A persistent layer of deep snow that remains 
until the late spring, the cooling effects of winds from 
the lake in summer and a reversal of this trend in the 
winter, the lack of climatic extremes of short duration 
brought about also by this moderation and all of these 
producing a shorter growing season, seem to combine 
to favour the persistence of these local pockets of 
spruce-fir vegetation. The study undertaken by 
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MAYCOCK (1961) and MAYCOCK AND CURTIS (1961) also further 
illustrate the close proximity of the forests of the Lake 
States and the province of Ontario. 
The influence of local climate and other physical 
influences are incorporated into a sound understanding 
of forests and forest ecology. NICHOLS (1935) believes 
the position of relative importance of species within 
the "Hemlock-White Pine-Northern Hardwood Region" of 
North America varies not only between stands but within 
stands. MAYCOCK AND CURTIS (1960) finds a lack of vege-
tational correlation with bedrock and drift types and 
found this equally true of soils. Often stands with very 
similar tree composition might be situated on very different 
soils in the same vicinity, although the opposite may 
also be true. MACLEAN (1960) studying the aspen-birch-
spruce-fir type in Ontario concluded local physiography 
can be the major influence governing the frequency of 
occurrence of the type on fresh sites and it becomes more 
influential with increasing dryness or wetness. ROWE 
(1972) in description of the sub-regions of the "Great 
Lakes St. Lawrence Forest Region" makes constant reference 
to underlying soil materials and physiographic conditions. 
The complexity of any plant habitat is dependent 
on the multitude of factors involved, such as illumination 
and radiation, precipitation, atmospheric humidity, eva-
poration, air and soil temperatures, moisture, soil 
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texture and structure and biological complexes. The host 
of micro-organisms in the upper layers of the soil, many 
of them chemists of high attainments whose activities 
vary greatly diurnally and seasonally contribute to make 
the soil an inextricably complex and ever changing feature 
of every plant habitat, (KITTREDGE 1938). The distribution, 
growth and conditions of forest trees under the same 
regional climate (macro-climate) are also related to variations„ 
FRASER (1954) considers such variations to include those 
of soil moisture, soil pore pattern, and geologic fabric 
and illustrates the variations with tree species limited 
to sites with a high water table on the southern fringe 
of their range, whereas they may also grow on well drained 
sites in the northern areas. 
Since relationships found in one area for one species 
do not necessarily hold in other areas for the same or 
different species many workers have turned to the supple-
mental study of other indicators of productivity, such 
as minor vegetation, soil profiles and measurable environ-
mental factors. It should be noted that none of these 
are alternatives to indices based on growth, for to be 
of use each one must be related back to the actual and 
potential growth of forest. 
This does not eliminate the usefulness of plant 
indicators. ROWE (1962) considers them particularly 
appropriate in the structurally simple coniferous forests 
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of glaciated terrain, examples of which are found in 
Canada, northern Russia and Scandinavia. In the northern 
coniferous forests (ROWE 1962) believes a reasonably 
good site classification can be produced by an expert 
field ecologist based on a three-way correlation between 
key indicator plants, topographic moisture-nutrient grad-
ients and forest growth. Variations in the results are 
considered to possibly occur because (i) chance hazards of 
the past may have impressed on the vegetation certain 
patterns that bear no close relationship to contemporary 
environment (ii) the vegetation may be "out of step" due 
to a lag in adjusting to environmental change (iii) the 
minor species may not reflect soil conditions of importance 
to deeper rooted trees and (iv) certain kinds of severe 
disturbance may largely destroy the minor vegetation. 
Soils are useful though necessarily incomplete 
measures of forest production potentialities. No matter 
how well soils are defined,other climatic, biotic and 
physiographic factors must be made constant for a good 
correlation between soils and plant growth (ROWE 1962). 
In order to further our understanding of forest 
complexities and propagation the work of HILLS (1959) will 
be presented on the lands of Ontario and its productivity. 
FIGURE VIII is presented to illustrate the meeting 
of the various forest types and the resultant mixed 
nature of the forest, mentioned previously; (NICHOLS 1935; 
f 
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BRAUN 1954; MAYCOCK AND CURTIS 1960; MAYCOCK 1960; ROWE 
1972). The map not only shows the north-south influence 
but also the influx of forest types from easterly and 
westerly localities. FIGURES IX, X, XI are included in 
the text as further evidence of the wide diversity of 
climate and land characteristics within the province of 
Ontario. 
In the same manner as BRAUN (1954) and ROWE (1972), 
HILLS (1959) recognizes that the forest are diversified 
and have distinguished sub-sections. Unlike the other . 
authors, HILLS (1959) divides the land of Ontario on the 
basis of landform areas which constitute the reference 
base upon which changes in the development of vegetation 
and soil are recorded, these are termed "SITE REGIONS" 
(FIGURE XII). Such regions, may also be considered as 
forest type regions, since variations in the succession 
of vegetational features upon specific landform conditions 
are the main criteria for their establishment, but "Site 
Regions" are more than forest type regions. "Site Regions" 
are macro-climate regions in addition to being landform 
and forest type regions. Since a "Site Region" is the 
integration of all the landscape features within a pre-
scribed area, it can best be defined as a region of 
"potential biological productivity". Information re-
garding forest succession, forest growth and yield, or 
the effect of a particular silvicultural treatment 
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obtained for any one physiographic site, can be applied 
to all the physiographic sites of the same type within 
the "Site Region" (HILLS 1959). The work of HILLS (1959) 
will justify assumptions over large geographic areas with 
regard to forest composition changes, as the result of 
reviewing particular independent studies in later sections 
of the chapter. 
Within the large "Site Regions" HILLS (1959) re-
cognized "Site Districts" which are based on a characteristic 
pattern of physiographic features which set apart fairly 
large areas from one another (FIGURE XIII, XIV). "Site 
Districts" are areas of convenience, they do not neces-
sarily represent the full gradients nor any unique part 
of the gradients of sites which characterize the "Site 
Regions" as a whole. "Site Districts" do have a commonly 
occurring pattern of sites which occupy definite parts of 
the regional scale. In landforms relatively smooth and 
homogeneous such as a clay plain, the number of landscape 
units will be relatively few and homogeneous in nature, 
whereas landform of very broken relief and wide range in 
soils, materials, the landscapes themselves will be more 
variable than those of the clay plain, and number of 
landscape types will commonly be greater in number. 
These are presented as physiographic site classes, which 
have a definite affect on the forest or vegetation, with 
respect to the ecoclimates and are outlined in FIGURE XV 
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(HILLS 1959). 
The culmination of the research by Hills (1959) is 
FIGURE XVI which outlines the characteristic forests. 
Within the study of this paper, that of the "Great Lakes-
St. Lawrence Forest Region", after the classification of 
ROVE (1972) are found parts of six "Site Regions". They 
are (4-E) Lake Timagami; (5E) Georgian Bay; (6E) Lake 
Simcoe—Rideau; (4W) Pigeon River; (5S) Lake of the Woods 
and (4S) Wabigoon Lake. Balsam fir is the species of 
major importance within this study and are found in all 
"Site Regions" with the exception of the "Hudson Bay 
Region" (1E). The Balsam fir occurs over the widest 
range of sites within the "Georgian Bay Site Region". 
Interesting enough this is an area which has only recently 
been attacked by spruce budworm and prior to the nineteen 
hundreds does not have a history of outbreaks (Chapter 
Two: FIGURE IV) (APPENDIX I). It is also an area which 
has been affected drastically by the onset of white 
settlement as will be seen in later sections of this 
thesis. 
In the "Georgian Bay Site Region" balsam fir 
occupies all surfaces ranging from fresh soils with normal 
ecoclimates to wet soils and cold climates. On wet soils 
with cold ecoclimates associated species are red maple 
and black ash; on wet soils with cold ecoclimates, tam-
arack accompanied by sugar maple, yellow birch, hemlock, 
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white pine and white spruce in the most mesic conditions. 
FIGUBE XVII outlines the various "Site Districts" 
with the "Georgian Bay Site Eegion", and FIGURE XVIII, 
XIX, XX AND XXI illustrate the many climatic and physio-
graphic variables at work within the region. The work 
of HILLS (1959) creates a very good impression of the 
dynamic nature and forces at work upon a forest. FIGURE 
XXII considers the role of landform in regard to forest 
succession and this also deserves recognition. In this 
chapter a great deal of the material will deal with 
regeneration of forests after some upheaval. 
Eeproduction is a dynamic process affected not 
only by landform, but also by the inherent characteristics 
of the species, by the natural climatic, edaphic and biotic 
factors and by modifications imposed by man. Theoretically 
conditions are never exactly repetitious, nor may dif-
ferences always have practical significance. The amount 
of early reproduction fluctuates depending on weather 
conditions and the maximum age reached is determined by 
the density and composition of parent stands for different 
climatic and edaphic conditions. In his book "Balsam fir" 
BAKUSZIS (1965) realizes that the optimum environment 
for the species reproduction and for productivity of the 
parent stands do not necessarily agree. 
The result of these various chance situations is 
that even where optimum environmental factors are present 
MULT 
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a particular species may be absent in a given stand, 
while in another it may be the dominant tree. Despite 
this a given species can never be dominant in any stand 
with an environment far removed from its optimum (BROWN 
AND CURTIS 1952). 
Forests are continuously in a state of flux, constantly 
evolving and changing both in composition, age and stand 
type. Some species maintain a dominance or climax and 
represent the more stable forest type of a region, where-
as other species are capable of growing under disturbed 
conditions and rehabitating land. The relative position 
of various species has changed since deglaciation and is an 
important aspect of forestry research. What has taken 
place before more recent disturbances as a result of 
man's activities, has set the stage for the changes. 
POST-GLACIAL FORESTS DEVELOPMENT 
The forests that are present today have evolved for 
a great many thousands of years, but have re-invaded the 
lands of eastern North America since glaciation occurred 
some eleven thousand to twelve thousand years ago. By 
analyzing pollen deposited at various levels in bogs 
several authors including SEARS (1952)(1948); DEEVEY (1959) 
and POTZGER (1955) have concluded that deglaciation in the 
northeast United States was followed by a cool dry period 
of spruce and fir. This era was followed by an exero-
thermic period, the climate being warmer and drier. 
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This time period allowed many western plants to move 
east and the.prairie of the midwestern United States 
greatly expanded. In the forested areas pine replaced 
balsam fir and spruce, the climate then became moister 
and deciduous species and hemlock reached a maximum. 
The same principles that affect the forest today 
in terms of confinement to particular sites in a "region", 
occurred following deglaciation. WESTVELD (1955) describes 
the retreat of the ice sheet being followed on the shallow 
soils of the north and the thin soils of the mountain 
slopes by a pure coniferous forest of spruce, balsam fir 
and jack pines or a combination of these species. Spruce, 
balsam fir and cedar, often with admixtures of white birch 
and aspen took over the flats. Black spruce, tamarack, 
and cedar invaded the swamps and muskegs. On the deeper 
soils of the lower slopes, benches and low lying ridges 
to the south, conifers shared the sites with such tolerant 
hardwoods as beech, birch and maple. 
The first pine eras came about approximately 7,128* 
500 years ago (carbon dating) in the Quetico-Superior 
section of Ontario. Since that time many generations of 
pine forest have interruptedly occupied the region and 
only in the more recent past declined. The great pine 
period had quite generally declined in Quebec as it also 
had declined on better loam and clay soils in Michigan 
as upper foot levels of peat were being deposited (POTZGER 
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1955). In the recent past DEEVEY (1959) has suggested 
that the climate has been cooler and there has been 
an increase of balsam fir and spruce. 
The forests in their climax stage represent thousands 
of years of experimentation of the species or combination 
of species that are best adapted to the sites. The forests 
were largely untouched until the early nineteenth century 
and within that scope of time, the life time of a generation 
of people, man has drastically changed the landscape and 
forest types. 
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CHAPTER FOUR 
THE IMPACT OF MAN 
ON 
THE GREAT LAKES ST. LAWRENCE 
FOREST REGION OF ONTARIO 
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The objective of this thesis is to analyze the out-
breaks of the spruce budworm in an area where prior to 
this century it did not cause major damage. This chapter 
is presented to give an insight into the major types of 
changes within the study area, primarily logging and the 
fires that invariably followed. In the same manner as 
the forests varied from region to region the impact from 
man's economic activities did not occur at the same time 
over the entire region. The various histories of the 
"Forest Districts" within the study area are therefore 
both convenient and necessary locations for the descriptive 
outline in the appendix, (APPENDIX V) (FIGURE XXIII). 
LOGGING 
Early in the nineteenth century, Britain began to run 
short of the timber she needed to build and repair the 
ships of the Royal Navy. Lumbering in Canada prior to 
this time was confined to small operations serving local 
sawmills. When the early timber trade began the more 
important exports were square timbers, great logs usually 
of oak or pine W t into lengths of at least twenty feet, 
stripped of bark and branches and cut flat on four equal 
sides, each measuring not less than twelve inches across. 
The early timber gangs went through the limit first and 
selected and cut down the trees suitable for square timbers. 
In one day they could expect to make about six pieces of 
square timber measuring some four hundred cu. feet. They 
were followed by a second gang of saw-log cutters, usually 
<z 
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five in number, three to cut, top and trim the trees and 
two responsible for cutting them into lengths. The average 
tree selected would make five logs, with a diameter of not 
less than fourteen inches. Fifteen such trees, or seventy-
five logs, made a good days work. Trees not up to standard 
amounting to two-thirds of the whole, were left to rot in 
the forest. The years 1860-1877 saw 119,250,000 cu. ft. 
of squared timber removed from the forests of Ontario. In 
order to square the timber, as mentioned earlier the finest 
wood was removed and left in the bush. An estimate of this 
waste was made by the Surveyor General of the Woods and 
Forests. The waste was in the order of 59,750,000 (cu. ft.) 
or 477,000,000 (f.b.m.) (DISTRICT HISTORY SERIES NO. 7, 1965), 
(LAMBERT 1967). 
By the 1850's Canadians began to establish new trade 
patterns, the British had always demanded square timber 
for trade, which imposed limitations on the development of 
the industry. The lumbermen could not go far from sizeable 
rivers and streams, since only by water could the huge 
square timbers be removed more than a short distance. Ac-
cordingly the industries in Upper Canada were confined to 
the Ottawa River and its tributaries, (LAMBERT 1967). 
With improved transportation and the demand for sawed 
timber came the next era of logging. The era of the saw-
log also was extremely wasteful. In order to make such a 
log a tree had to be straight and clear, three knots or more 
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in a log made a cull of it, even butt rot logs with a 
hollow or the least bit of shake had to be cut off and 
left in the woods to rot, (DISTRICT HISTORY SERIES NO. 18, 
1965) (LAMBERT 1967). 
The waste slash that followed the loggers fueled some 
of the most severe and catastrophic fires in history. For 
example, the pine lands of Lindsay District between the 
years 1870 and 1912 were burned over at least once (620, 
000 acres) and much of the area had been burnt over several 
times, (DISTRICT HISTORY SERIES NO. 18, 1965). In 1881 
forest fires were estimated to have destroyed over fifteen 
million dollars worth of timber in Kemptville District; 
half the value of that cut at the time, (DISTRICT HISTORY 
SERIES NO. 17, 1964). Everywhere across Michigan there re-
mained after the pine era, vast areas of cut-over land, 
dotted by ugly pine stumps, the blackened scars of inevitable 
forest fires and wide open, barren, sand wastes, (MAYBEE 1960). 
It was not until after the turn of the century that 
measures were taken to preserve the forest. The attitude 
of the lumbermen was that the supply was inexhaustible, 
although it might entail moving farther afield every de-
cade or so. Only the prime trees were removed and the 
waste later fueled the great fires of the era. 
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The forests present today are different from those 
that occupied- the same land prior to dusturbance. This paper 
is concerned with whether the change caused the increased 
intensity of budworm attack and in order to do that, it 
is necessary to outline the ecology of the pine species 
which formerly dominated the landscape. Only then will 
we be able to analyze the occurrence of balsam fir, over 
the same area. 
Much work has been published on the ecology of the 
pine species. This has been summarized by HORTON AND 
BROWN (1960) for the characteristic ecological considera-
tions within the "Great Lakes St. Lawrence Forest Region". 
The material, along with that of other researchers will 
be presented in order to complete our understanding of 
the landscape changes which resulted from lumbering and 
fire. 
FIGURE XXIV outlines the botanical range of the 
white and red pines in Ontario. Although the species 
penetrate into the "Boreal Forest", the commercial range 
coincides with the boundary of the "Great Lakes St. 
Lawrence Forest Region", (HORTON AND BROWN 1960). 
The pines will tolerate a variety of local climates, 
with red pine more capable of withstanding extremes. 
White pine reproduction depends on some degree of 
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protection for germination and survival, more so than 
red pine. At the same time there can be too much pro-
tection for germination and survival, with reproduction 
most abundant where, through exposure to wind and sun, 
evaporation is high. Both pines are susceptible to frost 
damage which is a major local climatic factor, (SMITH 
1940; HORTON AND BROWN 1960). 
White pine is definitely more tolerant than red pine, 
although both are classified as intermediate species in 
various relative shade-tolerance scales. Under a dense . 
canopy of mixed pines, white pine reproduction may on 
some sites develop and persist, but red pine rarely be-
comes established and even more seldom persist. White 
pine require approximately twenty per cent of full sun-
light for satisfactory first year seedling growth, with 
plants grown in full sunlight larger and more vigorous 
than those in part shade. Under mixed pines, white pine 
may on some sites persist and develop in a stunted form 
up to 40 years. Red pine, rarely becomes established and 
even more seldom persist, they usually die the first or 
second year, rarely lasting for ten years. They lose some 
measure of tolerance after the seedling stage. In mixed 
pine stands the red pine grows faster for at least the 
first forty years and often beyond one hundred years, after 
which the white pine gradually achieves dominance, finally 
outliving the red, (SMITH 1940; HORTON AND BROWN 1960). 
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White pine is capable of growing on a wider range 
of soil moisture conditions than red pine, and is found 
from wet swamps to arid sand plains and rocky ridge tops. 
Red pine is well adapted to extremely dry sites, in some 
areas it is confined to coarse sandy aut-wash plains. 
Except under extremely rich or poor sites, other variables 
being equal, there is a general direct relationship between 
soil moisture and pine height and diameter growth; the 
greater the available moisture the better the growth, 
(HORTON AND BROWN 1960). 
If other factors, particularly soil structure and 
species competition are constant, there is a correlation 
between the occurrence of the pines and soil texture. 
Generally red pine is more abundant on the coarser, 
sandy soils, and white pine on the finer sands and loams. 
The best conditions of texture and structure for out-
standing pine growth are generally those that balance a-
vailable moisture with good aeration, (STALLARD 1929; 
HORTON AND BROWN 1960). 
Satisfactory growth in either species may be found 
in moderately acid soils with a surface ph. as low as 
4.0, whereas on somewhat basic soils with a surface ph. 
of 7.0 to 7.5, white pine can thrive but red pine may 
be inhibited. White pine does not appear to be appreci-
ably retarded in growth by lime concentration of iron and 
humus in the upper B horizon appears to be adverse to 
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both pines, (HORTON AND BROWN 1960). 
The occurrence of both red and white pine is closely 
associated with moderate podzolization. Pine litter, 
on decomposition promotes an acid leaching process which 
usually produces minimal or normal podzols on dry and 
fresh materials and is associated with humic podzols and 
gleysols on moist to wet materials. The degree of pod-
zolization is modified by the associated species, nature 
of the parent soil material, the drainage and the climate, 
hemlock, fir and spruces (especially black) encourage the 
process, (HORTON AND BROWN 1960). 
The individual site factors in earlier work were 
shown to inter-relate and combine with biological forces 
to control the establishment and development of the tree 
and herbaceous vegetation on a local level. There are 
also the broader effects involving the inter-play of 
geography, physiography and climate which determine the 
distribution and relative abundance of pine sub-regionally. 
It is generally apparent (FIGURE XVI) that the pines 
prefer and prevail on the drier sites and fresh sites, 
the only exception comes from Georgian Bay Site Region, 
which also had the widest range of sites for balsam fir. 
The pines will occur to some extent in practically every 
combination of common species but there are certain pre-
dominant associates on particular physiographic and 
historic conditions. HORTON AND BROWN (1960) recognize 
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three major cover types. 
PINE TOLERANT HARDWOOD COVER TYPE 
The tolerant hardwoods prevail on the deeper, moulded 
or dumped tills, red pine cannot compete under these 
conditions but white pine may be temporarily abundant. 
White pine once established may persist, however as a 
rule a dense understory of hard maple and the other 
tolerant hardwoods develops an early stage and eventually 
dominates precluding pine reproduction. Hard maple is the 
prevalent species, minor components, usually local, may be 
beech, yellow birch, red oak, basswood and hemlock. 
PINE INTOLERANT HARDWOODS COVER TYPE 
Frequent over a wide range of sites, the intolerant 
hardwoods, aspens and white birch, which dominate at first, 
become decadent early (50 to 70 years) on the drier sandy 
plains but continue to dominate and suppress the pines 
longer on till materials. Once they deteriorate a rank 
shrub layer develops, the previously suppressed pines 
will dominate the canopy for a time but reproduction will 
be sparse. Balsam fir and spruce usually become established 
among the shrubs and may remain dormant for many years 
until the canopy thins. White birch may maintain a 
minor position by regenerating in temporary openings. On 
the till sites where a local seed source is available 
tolerant hardwoods may invade the type. 
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PINE-SOFTWOOD COVER TYPE 
Relatively restricted in the south, becoming commoner 
to the north where is occurs on a broad range of sites, 
the softwoods other than pines are predominantly balsam 
fir and white and black spruce. Successional development 
is obviously toward the spruce-fir except on upper slopes 
and dry sand plains where white pine may reproduce and 
persist on dry, limey plains to the south where white 
cedar and spruce are significant associated species, the 
development is probably to cedar, white pine persisting 
in openings, especially on limestone plains. 
FUTURE OF PINE LANDS 
NICHOLS (1955) within the climatic climax of the 
designated "Hemlock-White Pine-Northern Hardwoods Region", 
discusses the ecological status of white pine in relation 
to other trees. In the same manner as HORTON AND BROWN 
(1960), white pine is considered as nearly co-extensive 
with the region under consideration. Over large areas 
it once formed pure or nearly pure stands. The original 
pine forest being generally described as one in which 
broad-leaved trees and hemlock formed a dense stand from 
eighty to one hundred feet high, above which, either by 
small groups or single trees and in varying abundance grew 
white pine to one hundred and fifty feet or more. 
The best of the Michigan pine came from the central 
portion of the lower peninsula. This constituted a sort of 
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super pine belt extending between Lake Michigan and Lake 
Huron, as well many superior stands of pine were located 
farther north at the headwaters of the Manistee and the 
Au Sable rivers and along the larger peninsular rivers, 
(GRAHAM 1941; MAYBEE 1960). 
MAYBEE (1960) considered Michigan as a part of a 
great northern forest belt extending from Maine to west-
ern Minnesota through northern New York and Pennsylvania, 
while across the border these forests extended through 
New Brunswick, Quebec and Ontario and swept northward to 
Hudson Bay. Such a primeval forest was visualized as 
overwhelming in its vastness and depth, at once forbidding 
and mysterious. Prominently this was a pine forest of 
maturing virgin timber one hundred to perhaps three 
hundred years old, actually a mixed forest, that is hard-
woods of oak, maple, beech, cherry and elm and besides 
the white and red pine, other conifers such as hemlock, 
cedar and balsam fir. 
In some places the pines of Michigan were cloud 
sweeping giants fully one hundred and twenty-five to one 
hundred and seventy feet tall, with large bodied trunks 
two to five feet in diameter at the butt, of dark grey, 
deeply furrowed bark. Beneath these cathedral like 
pillars of the sky lay a thick, soft carpet of fallen 
needles and a scattering of pine cones, but no underbrush 
and no young trees. Most of Michigan's pine was of 
I 
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moderate size, from fifteen to thirty inches in diameter. 
The trees grew more thickly per acre and often covered 
great expanses, whole sections, townships and perhaps the 
large part of one or more counties in extent. The trees 
were probably seventy to eighty years old, (MAYBEE 1960). 
In Minnesota the pine relicts, such as stumps, fallen 
logs and large trees with forms characteristic of those 
grown in forests, now found only in small nooks protected 
from fire, show that denuding agents have destroyed the 
pines that undoubtedly occupied a large portion of the 
upland of the state, (STALLARD 1929). 
STERNS (1950) described the composition of a remnant 
white pine forest in the Lake States, that were intact 
today because the lumbermen of the period 1880-1910 
could not reach them readily. The stand consists of 
large white pines and the smaller but sizeable white 
birch, also dense stands of medium and small hemlocks. 
The pines were very old and trees of thirty-six inches 
diameter at breast heighth (d.b.h.) and forty inches 
(d.b.h.) are present. Analysis of growth rings showed 
that a tree of three hundred and eighty years of age 
had grown very slowly for the first one hundred years, 
less than half of that in the next one hundred and fifty 
years, while the last eighty years was again slow. Age 
of the trees in the stand were all around three hundred 
and ninety years of age. In the stand white birch was 
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also old and similarly showed signs of decadence with 
numerous windfalls and dead stumps present in the area 
in addition to standing trees. Evidence suggests that the 
birch entered the stand at the same time as hemlock and 
younger pines (165 to 170 years ago). The history of the 
stand would be initial growth of white pine. Several hun-
dred years later a disturbance exposed the mineral soil and 
allowed for growth of hemlock, pine and the birch. 
There are several references to the former forest 
types that dominated the landscape of Ontario. The history 
of forest district series provides the following descrip-
tion of the regional forests within the Parry Sound District. 
The forests were composed of a great deal of white pine, 
but such scattered and therefore very difficult to fix 
it's limits; except along the valleys of streams and the 
margins of lakes and Parry Sound. The white pine were 
nowhere to be met with in groves and not often in clumps, 
yet there was scarcely a spot without it; and the country, 
viewed at a distance, would be probably considered as a 
vast pinery; red pine was unknown (DISTRICT HISTORY SERIES 
NO. 12, 1964). 
A remnant stand of white pine was reported from 
Parry Sound District in 1971. They stood, for close to 
two hundred years and are located in Blair Township south 
of the Pickerel and French rivers. They were still pre-
sent due to inaccessibility and distance from local log-
ging operations. The forest composition described as 
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sixty per cent white pine, ten per cent each of white 
spruce, balsam fir, poplar and soft maple. The stand 
history was evident as fire scars were present on the 
large pines, pine chicots and fire originated poplars 
and white birches. The large scarred pines are remnants 
of giants that survived a wild-fire that swept the area 
around 1900. The stand was measured and the following 
data made available, (SECKER 1975). 
TOTAL HEIGHT 111 feet 
DIAMETER AT BREAST HEIGHT 58 inches 
CIRCUMFERENCE AT B.H. 118 inches 
LENGTH OF CLEAR BOLE 50 feet 
AGE 190+ years 
VOLUME IN BOARD FEET 2,500 board feet 
MARTIN (1959) makes reference to the stumps of 
giant pine trees in Algonquin Park. Many of the trees 
were four feet across. These forests were considered as 
relatively undisturbed during the early periods except 
for fires caused by lightning. The upland forest was 
composed of pure stands of white pine and of pines mixed 
with hardwoods, which in Algonquin Park are predominantly 
sugar maple and yellow birch. 
The forests that occupied the lands of Lake Simcoe 
District in the 17th century were on the highlands pre-
dominantly hard maple, either pure stands or mixed with 
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beech, cherry, oak, birch, basswood, hemlock or pine. 
The hardwoods established generally, on the more fertile 
soils, while the pine; chiefly white, with some red, 
were found on the lighter sandy soils. The lowland areas 
ranged from mixtures of white cedar and alder in the 
wettest sites, to black ash, elm, soft maple and spruce 
on the moist sites, (DISTRICT HISTORY SERIES NO. 7, 1965). 
The forest composition in the Kemptville District 
today bears no resemblance to that which Champlain ob-
served during his first exploratory trip up the Ottawa 
river and which confronted the first settlers. Champlain 
recorded in 1615 that the land was flat and covered with 
pines, cedars and some hardwoods except for some places 
where there were slopes covered solidly with pines. In 
the southern portion of the district where the first 
settlements were made, the hardwood varieties predominated, 
interspersed with white pine, hemlock .and spruce. In the 
northerly sections and especially in the Ottawa Valley 
white pine grew in profusion. Pure stands of red pine 
were found on the plains above Chats' Lake. Cedar and 
balsam fir bordered the low-lying tamarack and spruce 
stands, (DISTRICT HISTORY SERIES NO. 17, 1964). 
The pines are primarily fire species adapted to 
conditions affected by forest fires, with climate and 
local site indirectly responsible for pine distribution 
through fire history. Natural pine litter (duff) acts as 
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an inflammable medium for the germination of white pine 
seeds, because of the porous nature of litter it does 
not retain moisture. The pines germinate much better on 
mineral soil, the duff is dry and highly combustible and 
therefore on dry areas a cycle develops and pine prevails. 
In contrast the moister conditions tend to encourage fire 
resistant vegetation. Tolerant hardwood species and 
dense deciduous shrubbery which become stablized will 
exclude pine, (SMITH 1940; HORTON AND BROWN 1960). 
Fire destroyed large areas of forests in the "Great 
Lakes Region" even before the beginning of extensive 
logging operations, (GRAHAM 1941; BAKUSZIZ 1965). The 
fire was a naturally occurring ecological source of 
regeneration. Fire became much more common around the 
turn of the century and burned limitless tracts of land. 
The nature of such holacast we noted earlier was fueled 
by the debris of logging. Logging operations followed 
by fires have drastically changed the natural vegetation 
over vast areas. STALLARD (1929) examining the de-
struction of fire considers it the most universal and 
frequent agent of damage not only on the upland vege-
tation but that of bogs. In Minnesota, where the an-
alysis was carried out, severe fire may cause burn outs 
in a bog. The bog later becomes filled with water and 
initiates a succession similar to that caused by flooding. 
Repeated burning on any soil, except on rock outcrops, 
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produced a grass stage. Severe burning being capable of 
starting succession at almost primary stages in any 
habitat. 
The role of the lumbermen apart from fire, has 
influenced pine distribution in various ways. It has 
decimated the old growth stands, in other areas intensive 
logging operations have eliminated pine by destroying 
advance growth and seed source. Competing trees and 
shrubs of both pioneer and tolerant classes, usually 
undesirable hardwoods, have been greatly encouraged to 
the detriment of pine. CALDWELL (1957) considers 
satisfactory stands of white pine (rarely red) to have 
developed after cutting only when there was the coincid-
ence of an abundant ripe seed crop and a receptive seed-
bed, or when a crop of suppressed seedlings was released. 
Everywhere across the countryside there remained 
after the pine era, vast areas of cut-over and burned-
over land, (STALLARD 1929; MARTIN 1959; MAYBEE 1960; 
BAKUSZIS 1965; HORTON AND BROWN 1960; SECKER 1975). The 
changes that have occurred will be reviewed in later 
sections of the chapter with regard to the status of the 
present forests. In order to accurately overview the 
dynamics of what has taken place it is necessary to put 
forward a past misconception. 
Early workers believed that white and red pine 
forest represented the climax forest throughout.the Lake 
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States. This assumption was primarily based on two sources 
both visual in the field (i) the great number of pine 
stumps that dotted the landscape and (ii) the silvical 
characteristics of the species, in particular longevity 
of life. STALLARD (1929) believed the only logical ex-
planation for the pines not representing the climax 
would have to come from proof that the climate has 
changed to the species disadvantage, which seemed con-
trary to all evidence available. 
The science of pollen analysis outlined in earlier 
sections of the chapter reveals various waves of forest 
types present and representing the climax since de-
glaciation. Established fact is the presence of pine 
forests at various times, which in recent times have 
declined, (POTZGER 1955). Past conditions that allowed 
the pine to become established on marginal ground would 
be hidden because of the great age of the trees once 
growth is initiated. 
GRAHAM (1941) illustrates an example of past dis-
turbances capable of initiating pine growth. In 
Wisconsin, Indian legend recalls a great fire which swept 
the area about 1550. The largest trees of white pine 
began their growth in the area about 1660; assumption 
made that the pines may well have started on the land left 
open by the fire. 
The white pine is gone on a large part of the area 
on which it formerly occurred because it was there by 
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chance. In other areas it was due to disappear anyway 
because the cycle of natural succession would have re-
moved it in due course, (CALDWELL 1957). In many sites 
which might have supported a climax species, it has dis-
appeared because all trees were of loggable size and no 
seed source was left after logging. On the better sites 
the jungle of undergrowth effectively choked out almost 
all regeneration. Very often fires after or before log-
ging have very effectively removed every vestige of ad-
vanced regeneration from the burnt area. 
The change throughout the region of this study, re-
gardless of fire, logging or the natural regression of 
pine lands, has drastically altered the forest composition. 
The thesis is concerned with such change with regard to 
subsequent outbreaks of the spruce budworm. Chapter 
Two of the paper designates the balsam fir as the tree 
responsible for sustaining infestation of the insect and 
regeneration studies concerning the tree and the conditions 
under which it grows will be analyzed. 
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CHAPTER FIVE 
REGENERATION OF FORESTS SUSCEPTIBLE 
TO 
SPRUCE BUDWORM ATTACK 
AFTER LOGGING AND FIRE 
IN THE 
"GREAT LAKES ST. LAWRENCE 
FOREST REGION OF ONTARIO" 
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Chapter five will analyze forest succession as it 
relates to spruce budworm infestations in the study area. 
From Chapter Two we have seen that pure balsam fir stands 
are optimum for the insect, with the balsam fir-white 
spruce type also very favourable. Red spruce occurs 
in limited amounts in eastern Ontario and harbours the 
budworm in much the same manner as white spruce, therefore 
will receive little attention. Black spruce has been 
shown to be unfavourable for the maintenance of spruce 
budworm infestations. 
Each tree species reacts differently to the environ-
ment around it and responds to disturbance in regard to 
its specific requirements. In the quantitative analysis 
by MAYCOCK AND CURTIS (1960), the available data fail to 
indicate that balsam fir and white spruce will reach op-
timum development together. On the contrary, the species 
exhibit quite different relationships, with spruce at-
taining optimum development on the dry sites and balsam 
fir in wet situations. We need to review the characteristics 
of balsam fir here, as it is of primary concern. 
The balsam fir will grow on many different types of 
soil and over a wide range of drainage conditions. Most 
of the soils fall into the broad groups of podzol, podzolic, 
gray wooded, or gleic. The range of Ph. is from 4.0 to 
6.0 in reaction. The soils vary from silt loams developed 
from lacustrine deposits to stony loans derived from 
glacial tills. The species will also grow, but compara-
tively slowly, on gravely sands and in peat swamps. 
The best development occurs where soils are deep 
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and well drained yet abundantly supplied with moisture, 
(HART 1959). 
Seed production may begin when trees are fifteen 
years old, although good production usually does not 
begin until after thirty years of age. Layering is not 
an important means of regeneration, yet lower branches of 
balsam fir may layer when in contact with moist soil. 
Live branches left on stumps after cutting will develop 
into new trees. Almost any type of seedbed including 
mineral soil, rotten wood, or shallow duff will do for 
balsam fir if enough moisture is present, thick duff 
being less favourable. In general the closer the seeds 
lie to mineral soil, the greater will be the initial 
establishment of seedlings. Germination and initial 
establishment are best under cover with seedlings present 
wherever the minimum light intensity averages from fifteen 
to twenty per cent or more of full sunlight at noon. 
Seedlings that survive grow better in the open than those 
under shade, (HART 1959; MAYCOCK AND CURTIS 1960; BAKUSZIZ 
1965). 
Balsam fir is a small to medium size tree at maturity, 
reaching twelve to eighteen inches in diameter and forty 
to sixty feet in height. Maximum size in the climatic 
optimum may reach ninety feet and maximum age two hun-
dred years. The quantity of foliage per acre varies 
throughout the range of the species. The tree being 
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considered to reach maximum yield at approximately fifty-
five years of age and then declines. The growth rate of 
balsam fir is- related to vigor and crown ratio, vigorous 
trees with room to grow will reach ten inches in diameter 
and fifty to sixty feet in height in about fifty years 
(HART 1959; BAKUSZIS 1965). 
Balsam fir is classified as very tolerant, with 
relative tolerance varying with soil fertility and climate. 
The main competition comes from heavy shade producing hard-
woods like beech and maple. Competition from aspen, birch 
and other thin crowned species is not so severe. Balsam 
fir growing in pure stands usually expresses dominance 
but frequently occurs in dense thickets where it suffers 
from heavy competition with itself. In stands where 
reproduction of both spruce and balsam fir are successful 
they respond to release from shade (NICHOLS 1955; HART 
1959). Balsam fir is subject to windfall especially on 
shallow wet soils, with both white spruce and balsam fir 
responding well to such disturbance (HART 1959; MAYCOCK 
AND CURTIS 1960; BAKUSZIS 1965). 
GERVORKIANTZ AND OLSEN (1950) analyzed and developed 
a set of tables for predicting growth of balsam fir as 
it occurs in stands of different densities and mixtures 
with other species on upland sites in the Lake States. 
Although found occasionally in almost pure stands, 
balsam fir occurs more frequently as a component of such 
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types as aspen-birch, spruce-balsam, northern hardwoods, 
ash, elm, northern white cedar and occasionally hemlock 
or pine. In stands the balsam fir is seldom strictly 
even-aged. Usually there are remnants of former stands 
and an understory of recently established reproduction. 
When mixed with other species balsam fir encounters varying 
degrees of competition. The density varies from place to 
place and therefore when evaluating growth allowances must 
be made for the diversity of conditions present. In the 
"Great Lakes-St. Lawrence Forest Region" BAKUSZIS (1965) ' 
recognizes the best site occupied by balsam fir; is 
the spruce-balsam fir-intolerant hardwood type and remains 
below the regional optimum in terms of land productivity. 
ROWE (1972) considers the mixture of birch and spruce 
with balsam fir, trembling and largetooth aspen as a common 
forest type within the "Timagami" sub-region of the "Great 
Lakes-St. Lawrence Forest Region". In the "Algoma" sub-
region a noticeable feature in the northern part of the 
section is the marked development of a white spruce-balsam 
fir association on the river terraces and adjoining flats 
and in such communities white birch and black spruce are 
usually present. Boreal species are common, especially 
jack pine, trembling and largetooth aspens, white birch, 
balsam fir and the white and black spruces in the "Quetico" 
sub-region. In the "Upper St. Lawrence" sub-region, 
largetooth aspen and white birch, with balsam fir and 
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white spruce are considered as prominent pioneer species. 
In the "Georgian Bay" sub-region a more boreal character 
of the forest type is evident, with strengthened representa-
tion of spruce and balsam fir in highest altitudes, (APPENDIX V). 
The combination of aspen-birch-spruce-fir cover types 
has been investigated frequently in both Canada and the 
United States. BUELL AND NIERING (1957) studied a fir-
spruce-birch forest in Northern Minnesota. In five 
relatively undisturbed upland conifer forest stands, two 
in the central part of northern Minnesota in the vicinity 
of Itasca State Park and three near Ely in the northeast. 
Balsam fir, white spruce, and paper birch were consistently 
present among the dominant trees. Other tree species 
were important in certain stands or generally made only 
a minor contribution. The significance of this study is 
that all stands were on areas formerly occupied by pine. 
In most of them pines had either been burned, cut or 
windthrown. In one, the pines had been replaced through 
natural succession. The fir-spruee-birch community in 
this location gives every evidence of maintaining 
itself. ' Fir reproduction is the most successful and 
will continue to maintain for the species a dominant 
role. 
In the Lac Seul area of Ontario forest fires were 
considered to have occurred naturally over wide regions 
and the original forest of white and red pine gave way to 
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the more vulnerable (to budworm attack) spruce-fir cover 
type, (ELLIOTT 1960; BLAIS 1968). 
MACLEAN (1960) investigated the aspen-birch-spruce-
fir stands in Ontario (FIGURE XXV). The mixedwood types 
in the study were considered to have originated from fires 
which took place since the year 1800. ROWE (1972) 
recognizes that after forest fires, largetooth aspen and 
white birch, with balsam fir and white spruce play a 
prominent role in the pioneer forest stands of the "Upper 
St. Lawrence" sub-region, "Algoma" sub-region and "Quetico" 
sub-region. Secondary sections of largetooth and trembling 
aspen and white birch occur after fires in the "Huron-
Ontario" sub-region, "Algonquin-Pontiac" sub-region, 
"Sudbury-North Bay" sub-region and "Haibeybury Clay" sub-
region. The red and eastern white pines, formally of greater 
extent, have now only a scattered representation in the 
"Rainy River" sub-region as logging and fires have led 
to their almost complete replacement by jack pine, (APPEND-
IX V). BAKUSZIS 1965, considers balsam fir as capable 
of invading jack pine stands after fire. 
Once established, the spruce-fir forests react to 
various disturbances. It has been shown repeatedly in 
various sections of eastern Canada that cutting in spruce-
fir stands favours the reproduction of fir seedlings, which 
are shade tolerant and known to be capable of surviving 
severe competition after logging, (HATCHER 1960; MACLEAN 
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1960; JARVIS 1960; MOORE 1974). MACLEAN (1960) showed 
that balsam fir appears to be the only species which 
usually improves its postion with respect to its asso-
ciates when stands disintegrate from over-maturity. In 
the same study, MACLEAN (1960) suggests that if mixed-
wood stands were not disturbed by fire or cutting for 
two hundred years or more the spruce and hardwoods would 
be replaced to a large degree by balsam fir, with the 
spruce still fairly common but aspen and birch only exist-
ing as scattered specimens. 
Balsam fir has thin bark, a shallow root system 
and inflammable needles and as a result trees of all ages 
are easily killed by fire. Generally speaking when fire 
occurs there is a tendency for the forest composition 
(budworm forest) to move away from susceptible species 
and favour black spruce, jack pine and aspen. Only after 
an extensive period of time will balsam fir and spruce 
replace the stands, (BLAIS 1954; HART 1959; ELLIOTT 1960; 
MACLEAN 1960; BAKUSZIS 1965; BLAIS 1968). BAKUSZIS 1965, 
considers a high proportion of fires in the balsam fir 
region as still started by man, but are less frequent now 
and covers less area annually than before the arrival of 
Europeans due to the intensified efforts in the past half 
century to prevent and control wild-fires. The reduction 
of fire frequency has been considered favourable for 
extension of coverage by balsam fir, (MORRIS 1958; 
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BAKUSZIS 1965). FIGURE XXVI indicates that although 
the number of fires is quite steady since the early 1900's 
the area burned per fire has been dramatically reduced in 
Ontario. Any balsam fir stands established as a result 
of logging and fires will be encouraged. 
WESTVELD (1955) discusses the ecology of the spruce-
fir forests of eastern North America and designates three 
sub-groups. They are (i) the spruce-fir climax group 
where only light foliaged aspen and white birch are 
present and thus competition is minimal (ii) the spruce-
fir hardwood climax where competition from hardwoods is 
less severe, the soils are less fertile and as a result 
the less competitive yellow birch, red maple, aspen and 
paper birch take over and (iii) the hardwood-spruce-fir 
climax in which tolerant hardwood species compete stren-
uously with spruce for possession of the site, in par-
ticular such species include beech and maple. Advance 
reproduction is considered as usually abundant in the 
spruce-fir-hardwood group but often inadequate or entirely 
lacking in the hardwood-spruce-fir group. In order for 
spruce-fir reproduction to succeed, upon release it must 
maintain its' dominance over competing hardwoods, there-
fore height advantage must increase as hardwood competition 
increases. 
Throughout the "Great Lakes Region", MAYCOCK 1960; 
MAYCOCK AND CURTIS 1960 concluded that it was evident 
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that in boreal conifer-hardwoods mixture there was a 
trend toward the development of a pure hardwood canopy, 
with the attainment of such dependent upon the relative 
amounts of disturbance. Sugar maple and yellow birch 
grow successfully throughout the area as well as most 
other hardwoods, with maximum development on mesic sites. 
If some general statement concerning the ultimate terminal 
forest should be made they feel the mesophytic forests 
composed of predominantly hardwoods should be favoured. 
Balsam fir occurs in admixture with hardwoods in 
primarily three "Site Regions" as designated by HILLS (1959), 
(4E) Lake Timagami, (5E) Georgian Bay and (6E) Lakes-
Simcoe Rideau. The reaction of balsam fir and associated 
vegetation is of prime importance in justification of 
suggesting past logging and fire increased susceptibility 
of the forests within the designated study region to bud-
worm attack. From Chapter Two it was generally accepted 
that as non-host vegetation increased in balsam fir 
forests, for several reasons the susceptibility to spruce 
budworm attack decreased. FIGURE XXVII indicates the 
wide variance in the amounts of balsam fir present; the 
general increase northward known as a result of boreal 
influence. 
Despite the wide variance at one time or another 
the forests within each Forest District have received 
moderate to severe infestations of spruce budworm since 
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the turn of the century, (FIGURE XXVIII). A large part 
of our study area is only marginal in terms of balsam 
content and must be investigated with regard to forest 
succession after past disturbance and composition presently. 
In Itasca County, north-central Minnesota the dominant 
species in the climax forest in Itasca County are the 
balsam fir, basswood, red oak, hard maple, yellow birch, 
white spruce, with ironwood an abundant sub-dominant. The 
white spruce, while a conspicuous part of the climax 
coniferous forest to the north, is here largely confined 
to the sub-climax fir-paper birch association. In this 
region the forests are considered as an admixture of 
northern coniferous forests and the deciduous species. 
The significant aspect of the climax is that balsam fir 
and basswood are considered as forming dominants on.the 
loamy soils. Since most of the country is either peat 
or sand, the climax forest is developed only in small 
scattered areas and therefore most of the forest is sub-
climax, (GRANT 1934). BAKUSZIS (1965) suggests the 
balsam fir-basswood community on heavy clay soils could 
probably be considered as the edaphic optimum available 
for balsam fir in this part of the "Great Lakes St. 
Lawrence Forest Region". 
MARTIN (1959) undertook an analysis of forest 
succession in Algonquin Provincial Park, Ontario. During 
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the latter part of the 19th century and the early part 
of the 20th century both white and red pine were exten-
sively logged in the park. The hardwood trees were 
frequently cut with the pines and often left to rot on 
the ground; the cutting of hardwoods since 1920 has be-
come the major lumbering operation. The upland is now 
reported to be composed of (a) extensive stands of virgin 
hardwoods out of which the pine were cut (b) stands of 
second growth hardwoods on areas that were stripped of 
all trees and (c) serai stages on large areas where recent 
fires or cuttings have occurred. 
MARTIN (1959) considers that although there was often 
great diversity in the tree species composition of the 
forests there was a general pattern of forest succession, 
both in disturbed and undisturbed conditions. In the 
xerosere climatic succession according to pollen analysis, 
was taken from balsam fir-white spruce forest to white 
pine, to hardwoods (sugar maple and yellow birch) and 
hemlock. Secondary succession, following cutting and 
fire in the xerosere was from a pioneer forest of either 
white birch-trembling aspen or jack pine to a forest of 
either balsam fir-white spruce or white pine to a sub-
climax of hardwoods, to a climax of hemlocks, (FIGURE 
XXIX). The time involved for this succession is con-
sidered to be relatively short for secondary succession 
because a favourable soil habitat is already present. 
125 
FOREST SUCCESSION ALGONQUIN PARK 
HYDROSERE-
Mixed Upland Forest 
Sugar maple- Yellow birch Balsam fir • 
Bottomland Forest 
Balsam fir- Yellow birch 
/ 
Black spruce- Cedar 
/ 
/ 
Black spruce 
/ 
/ 
Bog 
XEROSERE 
Tsuga 
Hardwoods-
Red maple- Yellow birch 
^ ^ 
' 
Balsam fir- White spruce White pine 
Wf l i te birch Redm sole- j a ck Pine 
- Poplar Wrw'te birch 
FIGURE XXIX 
Source ; Martin 1959 
126 
The pioneer deciduous forest may dominate for fifty to 
seventy-five years after a fire; if jack pine one hundred 
years. Following the pioneer deciduous forest, balsam 
fir and white spruce may be the leading dominants for 
twenty-five years or, if the secondary stage is white 
pine, for three hundred years. The sub-climax forest 
of sugar maple is then dominant until replaced by hemlock. 
If the forest is left undisturbed the replacement may be 
completed by about eleven hundred years after fire if the 
forest is left undisturbed. Pure hemlock is considered 
the upland climatic climax forest in Algonquin Park and 
probably throughout the rest of the ecotone between the 
"Boreal Forest" and the "Deciduous Forest Region". Two 
facts emerge from the study of significance (i) balsam 
fir and spruce represent a phase in secondary forest 
succession and (ii) MARTIN (1959) considers hemlock, 
because of it's slow regeneration rate and the practise 
of cutting of the tree with hardwoods to be greatly re-
duced in abundance in future years. 
The study by MAYCOCK AND CURTIS (1960) considered 
the mesophytic forests composed of predominately hard-
woods to be favoured if some general statement concern-
ing the ultimate terminal forest should be made. MARTIN 
(1959) without disturbance considers hemlock as the 
terminal climax in Algonquin Park, Ontario. In Minnesota, 
balsam fir-basswood occur as the climax, (GRANT 1934). 
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Throughout the Lake States and Ontario occur areas of 
spruee-fir-birch which have become established on former 
pine lands. 
In forests present today any climax is considered 
by MAYCOCK AND CURTIS (1960) as more hypothetical than 
real. In northern regions the question of terminal 
climax becomes highly doubtful, since large scale catas-
trophe is prevalent, preventing the termination of suc-
cession. Hypothetical climax has little meaning in area 
continually subjected to fire, windthrow, logging and 
insect damage. Such disturbance causes a reversion of 
successional development and permit the continuous en-
trance of species suited to such conditions, throughout 
the "Great Lakes Region" and northward, balsam fir and 
spruce certainly represent such species. 
The aspen community of Minnesota and Wisconsin is 
outlined by KITTREDGE (1938). A large part of the area 
of the aspen community in the region was occupied before 
human interference by one or the other climax forest, by 
the transition between them or by a sub-climax dominated 
by pine. Trembling aspen probably occurred as a dominant 
in limited areas and as an inconspicuous subordinate 
species in the climax forest, wherever accidents or the 
death of large trees left openings. Logging and fire 
destroyed or eliminated most or all of the conifers, maple 
and basswood. In the growing season following fire, the 
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bare habitat was densely occupied by a group of pioneer 
species composed chiefly of those which came from light 
and wind-borne seeds and from the underground parts of 
the preceeding generations. 
OLSEN AND BAY (1955) examined the natural regenera-
tion in the upland, cut-over areas of Minnesota and found 
balsam fir and trembling aspen as the most abundant species 
in the young stands; the proportion of white spruce has 
declined and all the other coniferous species, with the 
sole exception of balsam fir, have virtually disappeared. 
Hardwood yields, especially the aspen, are expected to 
be considerably greater than in the past and the combined 
yields from balsam fir and white spruce equal correspond-
ing yields of the last cut. 
HEINSELMAN (1954) estimated the potential turn over 
of the forests in the Lake States where thirty-nine per 
cent were in the aspen-birch type. The estimation of 
conversion based on differences on successional trends 
in various portions of the Lake States, related to 
ecological factors and five recognized sub-regions re-
cognized by various ecologists as somewhat unique. The 
results show conclusively that the shade-tolerant northern 
hardwoods and balsam fir are the most successful invaders 
of aspen-birch types. Pines and oaks are only occasionally 
able to take over aspen areas. The results were that 
approximately 5,800,000 acres (32.4 per cent of the 
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sampled area) of aspen-birch type may be completely 
converted to. other types by the year 1990. Some 2,100,000 
acres are reverting to northern hardwoods (primarily sugar 
maple, basswood and yellow birch), another 1,430,000 
acres to spruce-fir type (largely balsam fir) and 750,000 
acres may convert to mixed types. Only 80,000 acres are 
converting to reasonably well stocked pine stands. In 
each state figures were for 1950; 7.6 million acres of 
aspen cover type in Minnesota, of which 570,000 would 
be converted to spruce-fir during the current rotation. 
In Wisconsin, the predicted conversions are 310,000 of 
5.9 million acres and in Michigan 550,000 of 6 million 
acres now in aspen. The percentage conversion for the 
Lake States as a whole was seven per cent. Over a million 
acres are being taken over by low-value types such as 
scrub-oak, red maple and ash-elm. An additional 2,600,000 
acres (14.5 Ver cent of the sampled area) are sufficiently 
stocked with other cover types to give partial conversion. 
The remaining 9,500,000 acres (53-1 per cent of the 
sampled area) do not give much promise of conversion 
within the forseeable future. The rate of natural con-
version was expected to accelerate when the eleven million 
acres of aspen seedlings and saplings begin to mature, 
about 1965 to 1969. Natural conversion does not appear 
to offer much hope of restoring pine on five to six 
million acres of former pine land now occupied by aspen. 
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Meanwhile an unknown acreage was projected as being con-
verted to aspen-birch each year because of clear-cutting, 
fire and other man cause factors. 
It would undoubtedly enhance our thesis if some 
estimation of conversion to other species could be presented. 
The only available data is from static records at parti-
cular time intervals and in no way' does this represent 
the dynamic nature of forest regeneration. Instead final 
discussions will involve other biological indicators of 
the forest composition changes. 
CORRESPONDING PESTS WITH INCREASED ABUNDANCE SINCE 1900 
There are several recognized defoliators of deciduous 
trees in Canada. In Ontario aspen represents forty-nine 
per cent of the hardwood volume and eighteen per cent of 
the volume of all species, (THOMAS 1978). Both the aspens 
and white birch have been shown throughout the thesis 
to be pioneer species which quickly inhabit land disturbed 
by fire or logging. The extent of which aspen has increased 
in the Lake States presented in previous sections. 
There are many species of insects which attack aspen, 
the majority of minor significance. The two exceptions 
being the forest tent caterpillar (Malacosoma disstria 
Hbn.) and the large aspen tortrix (Choristoneura conflic-
tana Wlk.). 
The large aspen tortrix is considered as the "No. 2" 
major defoliator of aspen in Ontario. Second-instar 
larvae of the species emerge from their over-wintering 
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sites on the base of tree trunks, climb the trees and 
feed on the developing aspen foliage during the same 
period as larvae of the forest tent caterpillar. Only 
meagre records of attack are available prior to the "Forest 
Insect and Disease Survey" of 1945. Moderate to severe 
defoliation has been recorded in various parts of Ontario 
forests since that time, mostly in localized infestations 
and lasting one to three years. A few infestations of 
more severe intensity and prolonged attack have also been 
recorded, (THOMAS 1978). 
The forest tent caterpillar is one of the major 
defoliators of deciduous trees in Canada and periodically 
defoliates trembling aspen over large areas and feeds on 
sugar maple, birch, ash, oak and many other species of 
broad-leaved trees and shrubs, (THOMAS 1978). SIPPILL 
AND ROSE (1976) consider the insect in northern Ontario 
to prefer trembling aspen and oak whereas in southern 
Ontario, sugar maple and oak are the most common trees 
selected. 
Infestations occur periodically with large populations 
building up, persisting for a few years and then collapsing. 
The outbreaks can cover large areas for a lengthy period, 
a major outbreak of this type actually being composed of 
a number of infestations of varying duration and intensity 
in single stands or groups of stands of aspen, (THOMAS 1978). 
Severe defoliation has occurred in northern Minnesota 
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at about ten year intervals since the earliest records 
reported for the late 1870's. The 1933-1938 outbreak 
was the most extensive and longest reported to that time 
(DUNCAN AND HODSON 1958). Outbreaks have occurred in 
Ontario since first recorded in 1868 on the average every 
ten years, (APPENDIX II). Tne largest occurred during 
the 1948-1956 period when caterpillars infested most of 
the province, infestations being known to cover thousands 
of acres, (BROWN 1966; SIPPILL AND ROSE 1976). Outbreaks 
of the forest tent caterpillar are usually terminated 
by a combination of natural factors such as starvation, 
parasites, predators, disease and unfavourable weather. 
The latter being the only natural control factor capable 
of bringing an outbreak to an end within the first three 
years, (BROWN 1966). 
In the majority of cases only a few dead trees are 
observed, following several years of complete defoliation; 
although branch and top mortality may occur. Trees 
severely defoliated usually refoliate later in the summer, 
but there is a reduction in the annual growth of the trees 
which may continue for two years following outbreaks, 
(BROWN 1960; DUNCAN et al 1964; THOMAS 1978). 
The significance of outbreaks of the forest tent 
caterpillar is that like the spruce budworm, outbreaks 
have increased in intensity and duration since the early 
1900's and the aspen, like spruce and fir, benefit from 
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disturbance, especially logging and fire. The relative 
amounts of aspen have been greatly increased in the 
Lake States and Ontario and contributed to subsequent 
increases in numbers of the species. The large aspen 
tortrix has also increased in intensity and it has been 
suggested both the tortrix and tent caterpillar could 
have contributed to the damage to aspen stands at the 
same time or consecutively, (THOMAS 1978). 
Balsam fir responds quickly to release from shade, 
the flowering condition preferred by ovipositing female 
spruce budworm which is enhanced by full sunlight and 
the larvae respond to available light. The historical 
records indicate that spruce budworm infestations have 
occurred in part of the following Forest Districts; 
Kenora, Fort Francis, Port Arthur, White River and Sault 
Ste. Mariefor many years, (Chapter Two). These are 
also regions analyzed as largely, influenced by boreal 
forest and with naturally high balsam fir content, (FIGURE 
XXVII). The balsam fir has also been shown as unable to 
compete with hardwoods in more southerly mesic sites. 
Since the turn of the century these areas have also been 
affected by severe spruce budworm infestations. Several 
studies have postulated the association between defoliation 
of competing trees in balsam fir stands by disease or 
other insects, in particular "birch dieback" and the 
forest tent caterpillar, (WELLINGTON et al 1950; MORRIS 
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1958; BLAIS 1961; HATCHER 1963). The regions attacked 
by the forest tent caterpillar compiled in FIGURE XXX, 
closely parallel that of the spruce budworm FIGURE XXVIII 
and may well have contributed to outbreaks in more southerly 
districts. 
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CHAPTER SIX 
DISCUSSIONS AND CONCLUSIONS 
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My main conclusions are: 
1. The spruce budworm is an endemic insect to the balsam 
fir forests-of eastern North America. Within the "Great 
Lakes St. Lawrence Forest Region" of Ontario it has not 
been known to have occurred in damaging numbers prior to 
the nineteen hundreds. Since that time the insect has 
caused major damage and occurred over large areas of the 
region not formerly affected. 
2. The only known limiting factor for outbreaks is food 
supply, specifically balsam fir. The weather has histori-
cally been more favourable in Ontario than in the Maritime 
provinces for outbreaks. The regions where balsam fir 
content was high prior to 1900 in northern Ontario have a 
long history of attack. 
3. The white and red pine are gone over a large part of 
the area over which it formerly was abundant because: 
(I) it was there by chance (II) in many sites which 
might have supported a climax it has disappeared because 
all trees were of loggable size and no seed source was 
left after logging (III) very often fires after or before 
logging have very effectively removed every vestige of 
advanced regeneration from the burnt area. 
4. The removal of white and red pine and the fires that 
followed have drastically altered the forest composition 
within the "Great Lakes St. Lawrence Forest Region" of 
Ontario. Pioneer species such as poplar and white birch 
have increased in abundance. Over the same area, the 
forest tent caterpillar outbreaks have, increased in extent 
and damage. 
5. Balsam fir responds quickly to release from competition 
and is capable of growing over a wide range of sites. The 
species has increased its range within the "Great Lakes 
St. Lawrence Forest Region" of Ontario since the onset of 
settlement. The result has been increased outbreaks of the 
spruce budworm at one time or another over the entire area 
of this study. The same area it formerly did not occur. 
6. Changes in the forest composition in the "Great Lakes 
St. Lawrence Forest Region" of Ontario to increased abun-
dance of balsam fir is responsible for the serious damage 
from the spruce budworm infestations in this century. 
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DISCUSSION 
We should not be so arrogant as to presume that 
forests were not afflicted with destructive organisms 
before man arrived on the scene. The spruce budworm has 
been a natural and integral part of the forests concerned 
and evolved with them. They interact and in nature the 
insect was an important means of reducing mature and over-
mature forests and rejuvenating growth. However, human 
influences have changed forests and with them the inter-
action with pests. The greatest impact within the "Great 
Lakes St. Lawrence Forest Region" of Ontario has been the 
result of the lumbermen. Perhaps the most catastrophic im-
pact being the great fires which were fueled by logging debris. 
In nature there is nothing that ravages the land as will such 
uncontrolled fire. In natural forest systems windthrow, 
insect attack, disease and natural disintegration due to 
over-maturity eliminate trees from stands and closely re-
semble the selective removal of tree species by logging. 
The forests researched in the study have not changed 
in terms of the species present, however the relative 
abundance of each has been significantly altered. The 
white and red pine stands which once dominated the land-
scape were removed in a matter of a few decades and all 
advanced growth and seed source were destroyed. Pollen 
analysis suggest the pines, especially white may well have 
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been declining in recent centuries, yet nature moves at a 
slow pace and" the replacement would have occurred over 
many decades. 
Balsam fir after fire and clear cutting recovers lost 
ground, frequently expanding after disturbances when the 
more economically valuable species, particularly spruces 
and pines have been removed. Since the turn of the 
century two major species of insects; the spruce budworm 
and forest tent caterpillar, have appeared and caused 
damage in areas they formerly did not occupy or were of 
little consequence. There is little doubt the forest 
composition changes enhanced, if they were not primarily 
responsible for, such an increase in abundance. 
This conclusion is very important in terms of the 
value of the research that has been undertaken; but also 
of primary importance is the comprehension of the complexity 
of such work. The successful management of any complex 
system such as a forest must of necessity be based on a 
thorough knowledge of the natural laws controlling that 
system. To contravene these laws, as we have seen from 
the paper is to court disaster. Trees and forests are 
the special domain of a large and varied portion of the 
earth's flora and fauna, forming a complex, dynamic web 
of plant and animal life. 
Within the ecosystem, any constituent may be disturbed 
by changes in any of the other constituents. Accordingly, 
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the management involves a broad understanding of ecolo-
gical principles. Population dynamics can help us study 
a potential pest involved; stand dynamics will enable us to 
study the role of the population of the host system. 
The importance of both chains of thought were apparent 
throughout this research. The many dozens of papers con-
densed for Chapter Two produced factual information on 
the insect, without which a useful scientific document 
would be impossible. The knowledge obtained allowed first 
the designation of the study area, based on regions where 
the spruce budworm had not been known to occur. Several 
other significant facts became apparent. The most important 
concerned the population control of the spruce budworm. 
Unlike the majority of insects, the budworm is not subject 
to control to any great extent by parasites, disease, etc. 
and continues to expand until the food supply is exhausted. 
The published information also concluded that the forest 
conditions in the Maritimes have historically been 
favourable for budworm attack, while in Ontario the climate 
was more favourable. This would suggest that climatic 
change in recent years has not been responsible for sub-
sequent outbreaks of the budworm, while strengthening the 
idea that forest changes are the main stimulant. 
Simple presentation of quantitative data to show 
forest composition change after the onset of some dis-
turbance may be useful in a very small study area; the 
141 
work in this manner by ecologists, excellent. However, 
stand dynamics is much more than simple numbers. The 
huge area under investigation in such hazard work under-
taken by this student necessitates presentation of the 
many systems constantly at work. The material studied 
proved the variance between stands, regions and districts 
and the need for co-ordinated reference to the multitude 
of research completed in the Lake States and Ontario. 
The value of approaching ecological work with a pest 
species in mind is that most research on stand develop-
ment is static, in that it relates only to a fixed moment 
in the life of a stand. Some studies span short periods 
of stand history, but few attempts have been made to 
analyze in detail the whole developmental cycle. Spatial 
distribution of forest stands and trees and other plants 
within the stands are particularly significant in under-
standing the complexities of forest inter-relationships. 
The future of pest and all biological organisms 
capable of damage constantly increases as we open up new 
agricultural land, intensify urbanization, pollution and 
increase transportation between continents. Even good 
intentions; the restriction of forest fires and silvi-
culture of forests has been shown to increase possible 
spruce budworm outbreaks. It is felt that in this context 
especially the geographer able to read and understand the 
scientific literature on the organisms that damage our 
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resources can make a valuable contribution to biological 
hazard research. The potential of gaining knowledge 
about biological hazards is an opportunity to increase 
our perception of nature. Perhaps biogeography can con-
tribute to our abilities to control the problems even be-
fore they arise. The present work strongly suggests that 
institutions responsible for widespread and large biolo-
gical resources should organize fundamental interdiscip-
linary ecosystem studies, based upon the large scale 
ecological survey. 
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APPENDIX II 
CARTOGRAPHIC REPRESENTATION 
OF 
FOREST TENT CATERPILLAR OUTBREAKS 
IN 
THE GREAT LAKES ST. LAWRENCE 
FOREST REGION OF ONTARIO 
Source: Annual Report of the Forest Insect and Disease 
Survey. Can. Dept. of Forestry 
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MAPS 
MAPS ARE COMPILED TO SHOW YEARS OF SIGNIFICANT 
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APPENDIX III 
COMMON NAME 
Black Ash 
Red Ash 
White Ash 
Cottonwood 
Largetooth Aspen 
Trembling Aspen 
Balsam Poplar 
Basswood 
Beech 
Yellow Birch 
White Birch 
White Elm 
Eastern White Cedar 
Black Cherry 
Balsam Fir 
Eastern Hemlock 
Tamarack (Larch) 
Manitoba Maple 
Mountain Maple 
Red Maple 
Silver Maple 
Sugar Maple 
Bur Oak 
Red Oak 
White Oak 
Eastern White Pine 
Jack Pine 
Pitch Pine 
Red Pine 
Black Spruce 
Red Spruce 
White Spruce 
SCIENTIFIC NAME 
Fraxinus nigra Marsh. 
Fraxinu's pennsylvanica Marsh. 
Fraxinus" americana L. 
Populus deltoides Bartr. 
Populus" grandid*entata Michx. 
Populus tremuloides Michx. 
JPopulus' balsamifera L. 
Tilia americana L. 
Fagus grandifolia Ehrh. 
Betula lutea Michx. f. 
Betula papyrifera Marsh. 
Ulmus americana L. 
Thuja occiden£a~lis L. 
Prunus serotina Ehrh. 
Abies balsamea (L.) Mill. 
Tsuga canadensis (L.) Carr. 
Larix laricina (Du Roi) K.-Koch 
Acer negundo L. 
Acer spicatum Lam. 
Acer rub rum T. 
Acer saccharinum L. 
Acer saccharum Marsh. 
Quercus macrocarpa Michx. 
Quercus' rubra lJ7 
Quercus alba L. 
Pinus s'trobus L. 
Pinus banksiana Lamb. 
Pinus rigida Mill. 
Pinus resiaosa Ait. 
Picea mariana (Mill.) B.S.P. 
Picea rubens Sarg. 
Picea glauca (Moench) Voss 
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APPENDIX IV 
SUB-REGIONS OF THE 
GREAT LAKES ST. LAWRENCE FOREST REGION 
THAT ARE LOCATED IN ONTARIO 
AS DESIGNATED 
IN 
FIGURE VI 
Rowe, J.S. Forest Regions of Canada. Dept. of the Env. 
Canada For. Serv. Publ. No. 1300, 1972 
1. HURON-ONTARIO (ROWE 1972) 
Included here is the main body of the Ontario pen-
insula north of the Niagara section, extending from Lake 
Huron and the southern portion of Georgian Bay to Lake 
Ontario and taking in Manitoulin and St. Joseph Islands 
in the extreme west. The northern boundary of the region 
is marked by the distribution on limits of such species 
as sycamore and black walnut, which enter from the south 
and jack pine from the north. This section is well set-
tled and extensive forest tracts no longer exist. Sugar 
maple and beech are common over the whole area, with 
them, basswood, white and red ashes, yellow birch, red 
maple and red, white and bur oaks. Frequently eastern 
hemlock, eastern white pine and balsam fir occur 
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within the tolerant hardwood types, plus scattered large-
tooth aspen, bitternut hickory, hop-hornbeam, black 
cherry, sycamore and black oak. Blue-beech, silver maple, 
slippery and" rock elms and black ash are found locally 
on river-bottom and swamp sites and eastern white cedar 
is present in swampy depressions and on old fields. In 
the Thousand Islands area at the eastern extremity of the 
section the pitch pine grows on dry slopes and ridges. 
After fires, largetooth aspen and white birch often form 
secondary communities. 
On Manitoulin Island sugar maple forms the dominant 
association with a varying admixture of red maple, white 
elm, basswood, yellow birch, red and bur oaks, hop-horn-
beam, beech, largetooth aspen, white birch and the white 
pine, white spruce, balsam fir, eastern hemlock and 
eastern red cedar are present but in no great quantity. 
2. UPPER ST. LAWRENCE (ROWE 1972) 
In general the physiographic boundaries of the 
section coincide with a vegetational change from pre-
dominantly deciduous forest within to mixed deciduous 
and conifer forest without. The dominant cover type is 
composed of sugar maple and beech, with red maple, yellow 
birch, basswood, white ash, largetooth aspen and red and 
bur oaks, with local occurrences of white oak, red ash, 
grey birch, rock elm, blue-beech and bitternut hickory. 
White elm is particularly prominent in the contemporary 
settled landscape. Butternut, eastern cottonwood and 
slippery elm have a sporadic distribution in river valleys 
and some small pure stands of black maple and silver 
maple are reported on fertile, fine-textured lowland 
soils. Poorly-drained depressions frequently carry a 
hardwood swamp type in which black ash is prominent. 
The general character of the forest cover is broad-
leaved on deep calcerous soils, while on shallow, acidic 
or eroding materials a representation of conifers is 
usual, particularly the eastern hemlock, eastern white 
pine, white spruce and balsam fir. Coarse textured soils 
commonly support stands of eastern white pine and red 
pine and. wet sites may bear black spruce or eastern 
white cedar. The latter species is also found on dry, 
rocky or stony sites. After fires, largetooth aspen 
and white birch, with balsam fir and white spruce, play 
a prominent role in the pioneer forest stands. 
4b. ALGONQUIN-PONTIAC (ROWE 1972) 
The section extends from the vicinity of lakes 
Timiskaming and Kipawa to the western side of the Lauren-
tian Section (4a), sharing with the latter a transitional 
position on the south-facing slopes of the Laurentian 
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Shield where the red and white pines are, or at least 
have been prominent, and the Algonquin Highlands south 
of the Ottawa river with fewer pine stands and propor-
tionally more of the hardwoods. 
In general, the forest cover shows a greater degree 
of boreal influence than do other eastern parts of the 
"Great Lakes-St. Lawrence Forest Region". For example, 
black spruce is abundant and is frequently found growing 
to large diameter size on upland sites. However, the 
characteristic species; sugar maple, red maple, yellow 
birch, eastern hemlock and white pine are prominently 
distributed, frequently in mixture with the boreal conifers. 
A tendency for the hardwoods to segregate out on the finer 
textured soils of warm slopes and hilltops is noticeable. 
Red spruce enters extensively into the composition of 
both the forest of the eastern portion and those on the 
Algonquin Highlands. Balsam fir is abundant, white spruce 
has a moderate distribution, and jack pine appears on 
suitable dry sandy sites throughout. Other trees present 
are beech, eastern white cedar, white birch and trembling 
aspen, presence of the latter two hardwoods usually re-
flecting recent disturbance. Fine stands of eastern white 
pine and red pine originally occupied large areas, but 
fires and lumbering have now reduced their abundance. 
4c. MIDDLE OTTAWA (ROWE 1972) 
The usual constituents of the upland forests are 
sugar maple, beech, yellow birch, red maple and eastern 
hemlock, almost always accompanied by eastern white pine 
and red pine. The last two species also characterize 
dry ridges and sand flats in association with jack pine. 
Varying amounts of white spruce, balsam fir, trembling 
aspen, white birch, red oak and basswood are present 
throughout. Rather common are hardwood and mixed wood 
swamps in which eastern white cedar, tamarack, black 
spruce, black ash, red maple and white elm appear. A 
number of more southerly species, not characteristic 
but scattered here and there are, butternut, bitternut 
hickory, bur oak, white ash and black cherry. 
4d. GEORGIAN BAY (ROWE 1972) 
The most important forest trees are sugar maple, 
beech, basswood, yellow birch, eastern hemlock, eastern 
white pine, red maple and white ash, these species form-
ing mixed stands on the uplands. White spruce is common 
on sand flats and other coarse textured soils, an 
ecological contrast with the "Middle Ottawa" section 
where the red and eastern white pines are more usual on 
such sites. Eastern hemlock appears to increase in 
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abundance from the inland toward Georgian Bay and along 
the thin soiled rocky shores there are scubby stands of 
jack pine, trembling aspen, red oak, white birch, white 
spruce and black spruce. In southern and western areas, 
extensive swamp stands of red maple, black ash and east-
ern white cedar are present. At the highest altitudes, 
a more boreal character of the forest type is evident, 
with strengthened representation of spruce and balsam fir. 
4e. SUDBURY-NORTH BAY (ROWE 1972) 
Extensive disturbance by cutting, fire, and smelter 
fumes has destroyed or reduced the abundance of many of 
the naturally occurring species, so that the tree cover 
is predominantly of the pioneer species; trembling aspen 
and white birch. The distribution of the tolerant hardwoods 
such as sugar maple and yellow birch is very limited. 
Jack pine occurs frequently on the sand flats and other 
coarse textured soils and red pine, eastern white pine, 
balsam fir and black spruce have a scattered occurrence 
where suitable soils remain. 
8. HAILEYBURY CLAY (ROWE 1972) 
From Lake Timiskaming northward toward the height 
of land, the fault valley containing this lake opens up 
to an undulating and gently inclined plain, the "little 
clay belt". Here the forests are transitional in nature, 
with close affinities to those of the "Northern Clay 
Section" (Boreal forest), but also strongly influenced 
by the more southern hardwood species, especially in the 
vicinity of the lake. Black spruce communities are 
characteristic on lacustrine flats but continual cutting 
has reduced their areas of distribution. With the spruce 
are associated balsam fir, white birch and trembling 
aspen, the prominence of the latter two species having 
greatly increased as the result of fires. On moist flats 
and river banks, stands of balsam poplar of large size 
are found, as well as good growth eastern white cedar. 
White spruce is not abundant and is distributed mainly 
along rivers and lake shores and on well drained slopes 
of similar scattered occurrence is eastern white pine 
which favours the course textured soils by river banks 
and around lakes, especially in the northeastern parts 
of the section adjoining the Ottawa River. Yellow birch, 
sugar maple, red oak and red maple occur mainly at the 
head of Lake Timiskaming, but with some presence through-
out and there is a limited amount of basswood, white elm 
and black ash along the rivers. 
9. TIMAGAMI (ROWE 1972) 
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This is a large upland area north of Lake Huron, 
stretching east and west from Lake Timagami and occupy-
ing a generally southward-sloping surface. The north-
ern boundary-makes a diffuse transition to forest lands 
bearing a predominence of boreal types. 
The typical association of the section consists of 
eastern white pine with scattered white birch and white 
spruce, although the spruce frequently rivals the pine 
in abundance. Another common though variable type is a 
mixture of the birch, pine and spruce, with balsam fir, 
trembling and largetooth aspens. Both red pine and jack 
pine are present, the former often prominently in bluffs 
and along ridges and the latter generally restricted to 
the driest sandy sites or rocky sites. The tolerant 
hardwoods, yellow birch and sugar maple, have only a 
scattered occurrence. The prevalent forest cover on the 
uplands is clearly a reflection of periodic past fires 
and the sandy soils have provided conditions especially 
favourable for the propogation of eastern white pine, 
red pine and jack pine. On the lowlands in poorly drained 
depressions and in swamps, black spruce with tamarack 
or eastern white cedar, form well marked communities. 
10. ALGOMA (ROWE 1972) 
Characteristic forest cover is a mixture of yellow 
birch, white spruce, balsam fir, sugar maple, hop-horn-
beam and eastern white cedar, the association being found 
principally on the gentle northern slopes. The upper 
slopes and tops of the ridges are covered with pure hard-
wood, stands of sugar maple, with a scattered distribution 
of yellow birch. Eastern white pine and occasional red 
pine dominate on the upper, steep south-facing slopes. 
After fire trembling aspen, white birch and sugar maple 
are often prominent. A noticeable feature in the north-
ern part of the section is the marked development of a 
white spruce-balsam fir association on the river terraces 
and adjoining flats and in such communities white birch 
and black spruce are usually present. Fire is to some 
extent a contributing factor to this condition, as it is 
also to the stands of jack pine on sand plains. Along 
the shore of Lake Superior are lowlands with stunted 
eastern white cedar, black spruce, tamarack and alder 
thickets, while scrubby red maple and white elm grow 
on higher lands back from the lake. Eastern hemlock and 
beech are sparsely represented in the southern part of 
the section and red oak has a limited occurrence on the 
southwest side near Batchawana Bay. 
11. QUETICO (ROWE 1972) 
After the retreat of the last ice sheet, species of 
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the fragmented "Great Lakes St. Lawrence Forest" migrated 
northward into the country between Lake of the Woods and 
Lake Superior. The general character of the soils and 
climate apparently favoured the development of pine com-
munities and large areas are still dominated by the east-
ern white pine and red pine. Logging and recent fires 
have brought various boreal species into prominence and 
pure or mixed stands of jack pine, trembling and large-
tooth aspens, white birch, balsam fir and the white and 
black spruces are frequent, associated with varying a-
mounts of the eastern white and red pines. The fir-white 
spruce-birch type is particularly common and in low lying 
areas a spruce-fir forest type is often present. In the 
southern and eastern parts there is a scattering of yellow 
birch, sugar maple, basswood, Manitoba maple, hop-horn-
beam, red and bur oaks. Hardwood species of wet valley 
sites are black ash, white elm and red maple. Eastern 
white cedar grows along lake shores and in rich swamps; 
black spruce and tamarack are usual in stagnant mossy bogs. 
12. RAINY RIVER (ROWE 1972) 
The forest cover shows the influence of the north-
ward movement of the "Great Lakes St. Lawrence Forest", 
as assumed in the previous section, as well as the 
influence of the tension zone between forest and adjoin-
ing prairies to the west. The red and eastern white pines, 
formerly of greater extent, have now only a scattered 
representation on suitable sites, particularly in the 
eastern parts, for logging and fires have led to their 
almost complete replacement by jack pine. Low relief 
and poor drainage have favoured the development of ex-
tensive swamps, with black spruce, tamarack, eastern 
white cedar, willow and alder scrub, particularly in 
the western portions over sedimentary rocks. The north-
western limits of the section are principally coincident 
with the range of this swamp association and the presence 
of eastern white cedar, though isolated populations of 
this species are also found farther to the northward. 
Large areas of balsam poplar, white spruce, balsam fir 
and scattered tamarack are found inland from the rivers. 
On the river banks, white elm, basswood, Manitoba maple, 
and bur oak occur, the latter species often forming a 
savanna type with grassy openings. Trembling aspen is 
common throughout the section. 
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APPENDIX V 
LOGGING HISTORIES 
FOR 
THE STUDY AREA 
SOURCE: "FOREST DISTRICT HISTORY SERIES" 
ONTARIO 
KENORA DISTRICT 
The heavy stands of white pine grew mostly in the 
immediate area of Lake of the Woods and sawmilling was a 
very active industry in the region from 1875 to the 1920*s. 
The International Joint Commission Report of 1917 reports 
that from 1899 to 1914; 400,000,000 board feet (f.b.m.) of 
saw-logs and 10,000,000 railway ties were cut and sawed. 
In the same period only 16,000 cords of pulpwood were cut. 
When the pine resources became depleted companies began 
to consider the pulpwood possibilities and in 1914 one 
of the first large pulpwood concessions was made to 
Bachus and Company. The interest culminated in June 8, 
1922, when a start was made on the Ontario-Minnesota Pulp 
and Paper Company. The mills in operation depend on 
both spruce and jack pine (DISTRICT HISTORY SERIES NO. 
10, 1963). 
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FORT FRANCIS DISTRICT 
At one time around the 1890's seven smaller sawmills 
were operating. The demand for railway ties, lumber and 
timber had been so great that practically all the white 
and red pine had been denuded from the Islands of Lake 
of the Woods and along many of the district rivers. The 
loggers and sawmill operators then turned to northern 
Minnesota where white and red pine could easily be obtained. 
The passing of the Morris Act in the United States in 1902 
meant Canadian Lumbermen could no longer obtain saw-logs 
from across the border andas a result was, existing Cana-
dian mills began to stagnate. The J.A. Mathieu Limited 
Mill operated continuously from 1922 to 1954. During 
that period the company produced 800 million feet (f.b.m.) 
of lumber, (DISTRICT HISTORY SERIES NO. 8, 1963). 
PORT ARTHUR DISTRICT 
The first sawmill was erected at the mouth of Mc Vicar 
creek in 1868. In 1881 a mill was in operation at Port 
Arthur, another large sawmill was built on South Water 
Street in 1886 and had a capacity to produce 40,000 feet 
(f.b.m.) per ten hour shifts. In 1918 the Port Arthur 
Pulp and Power Company (now Abitibi) began operations 
and the industry has thrived in the district, (DISTRICT 
HISTORY SERIES NO. 4, 1963). 
WHITE RIVER DISTRICT 
Lumbering has played an important part in the past 
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development of the district; a part that continues to be 
of considerable importance. The first lumbering carried 
out that was recorded, was in 1890 when the Whalen Lumber 
Company took out logs and pulp. Since that time several 
companies have operated including; the Pigeon Timber 
Company 1932-1935, which removed pulpwood from the Black 
river watershed and the Austin Lumber Company which pro-
duces mining timbers and ties. Relatively little logging 
has been carried out in the eastern portion of the district; 
most of the operations have been confined to the White and 
Black river watersheds. Mainly because of the many large 
fires that swept over the eastern region in 1912 and in 
1923 resulting in large immature forests, (DISTRICT HISTORY 
SERIES NO. 5, 1963). 
SAULT STE. MARIE 
Around 1783, the first sawmill was built at Sault 
Ste. Marie to provide lumber for the homes and trading 
posts associated with the fur trade and settlements. 
Similar small mills which followed were built on St. 
Joseph Island in 1835 at Blind river in 1953. Around 
1870, commercial logging started in earnest. During the 
period 1880-1890, large rafts of timber were towed down 
the St. Mary's river to lower towns, mostly in the United 
States. In 1897, the Ontario government passed a law 
whereby all timber must be manufactured in Canada before 
leaving as exports; this started the era of the large 
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sawmills in the Agoma area. The large sawmills provided 
the impetus for logging further inland. The logging and 
sawmilling industries were primarily interested in white 
and red pine and prospered from 1870 to 1932, peaking a-
round 1910. During this period, the industry was mainly 
interested in exploitation of the timber resources; cut-
ting was not regulated in any way. The cutting practices 
were motivated by an almost hysterical belief that the 
timber supply was inexhaustible. Examples of harvests in 
the area comes from records of the Sage and Emery Company 
from 1890 which show eleven million feet (f.b.m.) of 
timber processed. The Hope Lumber Company during the 
seven seasons it operated (1914-15 to 1919-20) removed 
fifty-one million feet (f.b.m.) of red and white pine, 
as well as one-half million feet (f.b.m.) of spruce logs 
from two townships. 
The start of the pulp and paper industry began 
about 1900 and has developed steadily since that time and 
is primarily interested in spruce, balsam fir and jack 
pine. Around 1940, the process of making veneer from 
yellow birch and maple started the hardwood venerr and 
flooring industry, (DISTRICT HISTORY SERIES NO. 20, 1965). 
CHAPLEAU DISTRICT 
The first lumber company was established at Chapleau 
in 1899 and was sold in 1909; the firm dealt only in 
lumber and railroad ties. The first pulpwood operation 
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in the district was started around 1910. In 1901 the 
Austin and Nicholson Lumber Company was formed with limits 
from Chapleau to Missanabie. Mills were erected at 
Nicholson first in 1910 then at Dalton in 1920-21. An-
other mill was built west of White river in 1923 and be-
came the centre of the companies two operations. Smaller 
mills were also built throughout. Sixty bush camps were 
in operation yearly and the output of railway ties reached 
a figure of 2,500,000; the largest output of such a forest 
product in the British Commonwealth of Nations. The pulp 
and paper industry continues to be an important economic 
function within the district. Between 1905-1922, forty-
four million feet (f.b.m.) of red and white pine logs, 
320,000 jack pine logs, 50,000 tamarack logs, 150,000 
spruce logs and 1157 pieces of waney timber were removed 
from the Woman river limits alone. From another limit 
nine and one quarter million feet (f.b.m.) of red and 
white pine, one and one quarter million feet of jack pine 
and one million feet (f.b.m.) of spruce were removed, 
(DISTRICT HISTORY SERIES NO. 16, 1964). 
SUDBURY 
The Commissioner of Crown Lands; acting on Authority 
from the Provincial Government, opened the area north of 
Georgian Bay and the north channel (between Parry Sound 
and Sault Ste. Marie) to the lumber industry in 1872. 
The rapidly expanding reconstruction era within the 
232 
United States created a lumber market with which the 
American Lumber Industry was incapable of coping. Turn-
ing their hungry eyes northward to Canada's virgin pine 
growth, the Americans moved in and in a very short time 
the Sudbury District was the scene of large scale lumber 
operations never equalled in it's history. Prior to 
1883 when the railroad reached this area, timber was cut 
and logs floated down rivers to Georgian Bay. The 
majority of the logs were rafted across the lake to saw-
mills in Michigan. The construction of the C.P.R. to 
Sudbury in the late 1880's and the later extension 
westerly toward Sault Ste. Marie and northwesterly to-
ward Chapleau, made accessible, for the first time, the 
extensive forest areas of the region. Utilization of 
these timber stands commenced immediately following 
railway construction and has been continuous, although 
varied, in character and intensity. Initially production 
was for the supply of construction materials needed by 
the railways and for red and white pine, square and 
waney timbers and saw-logs. By the turn of the century, 
square timber production was virtually over and there 
was a gradual increase in the production of such other 
products as pulpwood and mining timbers. This has re-
sulted in a broadening of species useage to include spruce, 
balsam fir and later jack pine. 
In 1900 railway construction had progressed well 
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beyond Sudbury and sawmills had been set up quickly to 
hasten the lumber industry toward a peak period of 
productivity. More than 11,000 men were employed in the 
mills and in the bush around Sudbury, as well, during the 
period 1907-1915 lumbering towns sprang up along the 
railway. In the vicinity of Massey, Webbwood and Nairin 
centre more than 5,000 men were being employed in the 
bush each season. Some of the best stands of white and 
red pine in the Sudbury district were located north of 
these towns. 
Initial access to the district was by means of the 
waterways, with the Spanish River and its tributaries 
providing access routes from Georgian Bay north to the 
height of land and tying in with waters to and from the 
north, east and west. The main streams and the majority 
of tributaries were suitable for log driving and provided 
natural "high-ways", at one point in time some two hun-
dred men were employed for fifteen hours a day from break 
up to freeze-up sorting logs in booms along the Spanish 
river. 
Large towing companies moved logs across Lake Huron 
from the mouths of the Spanish, the Whitefish and the 
French rivers to sawmills at Owen Sound, Parry Sound, 
Bying Inlet, Midland, Collingwood and Sarnia. 
The construction of the Canadian National Railway 
opened markets for some of the primary forest products; 
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for example, it is reported 52,000 green, axe hewn 
tamarack ties were supplied from four townships. Between 
1901-1926, the average annual tie production from Sudbury 
District alone was 650,000. 
The years 1901-1930 saw two billion, five hundred and 
twenty million board feet (f.b.m.) of saw-log timber taken 
from the Sudbury District alone, without taking into con-
sideration pulpwood operations, railway ties and cedar 
poles. The George Gordon and Company had probably the 
most consistent and largest operation in the District. It 
commenced about 1910 and up until 1950 from eleven town-
ships had removed 169,948,000 board feet (f.b.m.) of 
white and red pine, as well as spruce, jack pine and tama-
rack. The Morgan Lumber Company operating in the town-
ship of Morgan from 1901 to 1910 cut 67,000,000 feet 
(f.b.m.) of white and red pine logs. In 1905, Booth and 
Shannon commenced operations in the Bicotasing-Woman river 
area and from 1905 to 1927, approximately 55,000,000 feet 
(f.b.m.) of red and white pine were produced. During the 
years 1908 to 1920, McFadden and Malloy conducted ex-
tensive logging operations and removed 116,250,000 feet 
(f.b.m.) of red and white pine logs from four townships. 
It is recorded that Graves and Gigwood cut 93,000,000 
feet (f.b.m.) from the township of Vernon. 
Secondary industry also consumed timber supplies, 
the Canadian Copper Company, one of Sudbury's original 
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mining companies, held licenses between 1902 and 1921. 
In that time they removed 200,000 cords of roast bed 
fuelwood, 5,000,000 feet (b.f.m.) of white and red pine, 
75,000 axe hewn ties and 1,000 cords of pulpwood. During 
the years 1930-1931, when Hydro was running a line from 
Abitibi Canyon to Copper Cliff, line clearings removed 
320,000 feet (f.b.m.) of white and red pine, 735,000 
feet (f.b.m.) of jack pine, 1,110 cords of jack pine 
pulpwood, 640 cords of spruce pulpwood, 102 cedar 
telegraph poles and 600 cedar posts. 
While saw-log production has been continuous since 
1900 there has been a. gradual decline in production. The 
average annual production for Sudbury District between 
the years 1900 and 1930, was about 100 million feet (f.b.m.) 
a year, with a peak of 275 million feet (f.b.m.) in 1913-
1914. Since, 1930, production has been less than 40 
million feet a year and in the year 1932-1933, dropped 
to less than 4 million feet (f.b.m.). 
In 1899, the Spanish River Pulp and Paper Company 
Limited acquired pulp concessions, the beginning of the 
industry in Sudbury District. In 1963, approximately 
226,000 cords of pulpwood of various species were needed 
to meet requirements of production, (DISTRICT HISTORY 
SERIES NO. 21, 1967). 
SWASTIKA DISTRICT 
The first lumbering operation initiated in the area 
was by the McConnel brothers in 1839. The main area 
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worked was around Lake Timiskaming. When the company 
enfringed on the timber rights of the Hudson Bay Company, 
they too became involved in the industry. A number of 
other lumbering interests were attracted into the area, 
there being almost three hundred men engaged in lumbering 
in the Lake Timiskaming region during the peak year 1845-
1846. The operations reached almost to the northern 
limits of white pine stands, over-production during this 
period brought a recession to the industry. 
During the early 1900's, a considerable quantity of 
pulpwood was cut in the district. In 1910, a total of 
80,000 cords of pulpwood were cut, in addition 25,000,000 
feet (f.b.m.) of pine saw-logs, 15,000,000 feet (f.b.m.) 
of spruce saw-logs and over 1,000,000 railway ties and 
40,000 cedar telegraph poles. 
Since the early years many pulpwood companies have 
operated in the area, (DISTRICT HISTORY SERIES NO. 15, 
1964). 
NORTH BAY DISTRICT 
In 1885 the first logging camp was built on the 
Mattawa river. In the early period, saw-logging operations 
invariably preceeded settlement. The number of camps 
increased after 1855 and in 1860 appeared at Antoine 
creek, L'Amable du Fond river, Lake Nosbonsing and Talon 
Lake. Travelers increased steadily in the decade between 
1881 and 1891 and the completion of the railway through 
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the Nipissing passage increased the population of the area. 
The railway passed within a few hundred yards of a 
sawmill built for the use of settlers in the area; the 
settlement became known as Eau Clair and supplied lumber 
for many needs of railway construction. At the foot of 
Lake Nosbonsing, the David Moore Lumber Company had 
erected a camp in 1861 from which operations were conducted. 
In 1884 the J.R. Booth Lumber Company built a railroad 
between the mouth of the Wistavising rivers and the head 
of Lake Nosbonsing. In 1883 while the beginnings of 
agricultural colonization were being made along the 
western bays of Lake Nipissing, logging activities were 
expanded towards the French river. On the western portion 
of Lake Nipissing logging operations were expanded south-
ward and was in the east followed by settlers. When 
logging operations began to slow down and cease in the 
French river area, the Sturgeon river and it's watershed 
became the main source of supply, (DISTRICT HISTORY SERIES 
NO. 13, 1964). 
PARRY SOUND DISTRICT 
Early lumbering developed from three different 
directions; westward along the northern portion of the 
District from the Ottawa Valley and Lake Nipissing; from 
the south and the communities of Washago and Gravenhurst 
and from the shores of Georgian Bay inland. In the 
southern areas a large lumber mill was built in Morrison 
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township in 1861. In 1871 at Gravenhurst, two also 
at Bracebridge and as early as 1868 a sawmill was erected 
at Magnetawan. In the Georgian Bay area and about the 
year 1858 a mill was erected where the town of Parry Sound 
now sits. As well as local processing of timber, a great 
deal of logs were shipped by raft to Michigan. 
The best available records of volumes cut and area 
under licence to each company are contained in the Crown 
Timber Agent's Book, commencing with the 1907-1908 season. 
The following volumes by species cut were from Crown Lands, 
in the year 1907-1908. 
White pine 40,447,282 (f.b.m.) 
Hemlock 57,468,614 
Basswood 2,055,384 
Birch 2,669,314 
Maple 296,408 
Ash 280,877 
Spruce 1,579,345 
Elm 189,853 
Oak 59,537 
Balsam fir 1,827,176 
Poplar 3,293 
Beech 12,997 
Cedar 308,846 
Tamarack 20,495 
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Total 107,219,421 (f.b.m.) 
Tan Bark 15,566 cords 
The period from 1880 to the early 1940's saw almost 
the complete removal of the virgin stands of pine, hemlock 
and yellow birch, (DISTRICT HISTORY SERIES NO. 12, 1964). 
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PEMBROKE DISTRICT 
The start of lumbering in the Ottawa river as a 
private enterprise seems to belong to Philemon Wright, 
who brought a group of men and women to the present site 
of Hull in 1800. In 1806, being aware of the active 
demand by the Royal Navy for Canadian pine, he and his 
settlers put together a raft of square timber and ran it 
down the Ottawa and St. Lawrence rivers to Quebec. Once 
Wright had shown squared timber could be moved down the 
Ottawa river, lumbermen and settlers began to move steadily 
up the valley. 
The lumbermen had been busy securing births along 
the streams that would transport their timber to the 
Ottawa river and by 1846 there were two thousand square 
miles under licence on the Madawaska river, one thousand 
on the Bonnechere river and another one thousand on the 
Petawa river. 
At the turn of the century the big trees had ceased 
to dominate the trade and operators turned their attention 
to saw-logs. With the increase in demand for sawn lumbers, 
many of the companies that had flourished in producing 
the raw materials expanded to include the finished pro-
duct and saw mills sprang up along the Ottawa river. 
This also meant the whole country was cut over a second 
time, taking out the smaller and shorter trees. The 
extent of their operations may be had from the fact that 
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as early as the 1870's, J.R. Booth had 2,000 men employed 
in his mills and 4,000 men in his lumber camps, (DISTRICT 
HISTORY SERIES NO. 21, 1967). 
LAKE HURON DISTRICT 
Although the southern counties of the District were 
covered with forests of inestimable value prior to settle-
ment in the early 1800*s, little thought was given to 
orderly harvest. Land was sought for the establishment 
of an agricultural economy and the prime concern was to 
clear the bush as quickly and economically as possible. 
Timber not required for building, fuel and the manu-
facture of the bare necessities of pioneer life was 
sacrificed on huge fires burning for days on end. It is 
true that many small sawmills sprang up but their purpose 
was only to meet local demands. 
In the more northerly sections, the story of the 
Bruce Peninsula is one of ruinous exploitation. In the 
1850's the Crown took over the area from the Indians and 
began granting timber licences. Even with the uncontrolled 
exploitation the peninsula was not exhausted of pine 
supplies until 1914 when the end came with dreadful finality. 
The clear cutting of every merchantable stem (most species) 
followed by numerous fires, left a legacy of impoverished 
soil vainly trying to cover the limestone bed-rock. The 
extent of the operation can be visualized with the amount 
of material towed by three tugs in a single raft from 
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Georgian Bay to Michigan in 1892. It contained 91,700 
logs, scaling 10 million board feet (f.b.m.), (DISTRICT 
HISTORY SERIES NO. 3, 1963). 
LAKE SIMCOE DISTRICT 
The settlement of each community created a need for 
lumber, with all the first mills operated by water. Some 
mills were erected as early as 1790. The square timber 
and mast trade started around 1808 and trade boomed until 
1820, when the supply overtook the demand. After 1820 
this trade slackened until 1854, when the Reciprocity 
Treaty with the United States, declaring duty free pass-
age of timber across the border was signed and an up-
surge happened. In 1850 lumber production was at its 
peak, with the main sawmilling centres now using steam 
plants for power. In 1861, production in Simcoe County, 
was 200,000,000 (f.b.m.) mostly white pine, one third 
of the total lumber production in the province. From 
1850-1900 the lumbering industry on the lower Georgian 
Bay from Midland to Port Severn had the largest output of 
any section on the Bay. After 1860, the peak period of 
production, the industry fluctuated up and down for the 
next thirty years and then with the white pine largely 
gone, steadily declined. Species not used were largely 
cut and burned for agricultural land was of primary 
importance, (DISTRICT HISTORY SERIES NO. 7, 1963). 
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LINDSAY DISTRICT 
Logging of the pine in Lindsay District got under-
way in 1830 when the first sawmill was erected, with a 
capacity of 6-10 logs per day, at Bobcaygeon. Sawing at 
this time was for squared timber only and the output of 
logs was therefore unimpressive. From 1830 to 1845 the 
logging industry lacked markets and it did not hit full 
stride until the 1850's. From 1830 to 1845 the logging 
industry stripped the entire pine resource from Peterboro 
Townships. In 1866 Peterborough County mills sawed 
50,650,000 (f.b.m.) of pine lumber, by 1872 their output-
was reduced to 40,000,000 (f.b.m.) and by 1912 to less 
than 5,000,000 (f.b.m.). In the earliest days of settle-
ment, of the townships south of the Kawarthas, settlers, 
whose land was not within a reasonable distance of a saw-
mill, made no attempt to utilize the trees they removed. 
Most were simply drawn into windthrows and burned, (DISTRICT 
HISTORY SERIES NO. 18, 1965). 
TWEED DISTRICT 
This region, the bulk of which is tributary to the 
Ottawa river, contained extensive stands of high quality 
white and red pine which became the focus of a century 
of intensive logging activity. It appears the first 
timber operation in the District was along the Ottawa 
river at least as early as 1820. A sawmill was established 
near Arnprior in 1833 and was considered the first in 
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that locality. The Egan Company was one of the major 
early timber operations and appears to have been one of 
the first to operate in the Bancroft area of north Hastings 
County around 1842. To the south, the burgeoning 
American market made accessible by early canal construction, 
triggered a similar timbering development. The beginning 
of the operations was in 1850 and peaked around the 1860's 
near Trenton and Deseronto. 
In the early 1860's the timber industry had penetrated 
most of the area now covered by the Tweed Forest District. 
The pine and hemlock stands continued to support large 
scale operations until the end of the century, (DISTRICT 
HISTORY SERIES NO. 19, 1965). 
KEMPTVILLE DISTRICT 
The forest composition in the Kemptville District 
today bears no resemblance to that which was present 
before the onset of settlement. In the southerly areas 
hardwoods predominated and were cleared for agriculture. 
The vast pine stands which dominated the northerly 
sections of the District experienced the assaults from 
the lumbermen and subsequent removal of the resource, 
(DISTRICT HISTORY SERIES NO. 17, 1964). 
UNITED STATES 
In 1873 Canada lost the United States market because 
westward expansion in the U.S. brought lumbermen to the 
vast pine forests in Michigan, Wisconsin and Minnesota. 
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In 1873 the total volume of sawn timber cut in these 
three states" was 3,999,780,000 (f.b.m.) and in 1892 the 
year before the decline in United States timber the cut 
was 8,594,222,800 (f.b.m.), (DISTRICT HISTORY SERIES NO. 
17, 1964). 
Early surveys showed the standing pine timber in 
Michigan at the astonishing figure of 150 billion board 
feet (f.b.m.). More than 160 billion board feet of pine 
had already been cut by 1897 with about 6 billion left 
standing, mostly in the Upper Peninsula, (MAYBEE 1960). • 
The last of the Lake States to have any stands of 
virgin forests left at the beginning of the century was 
northern Minnesota, whose timber lands had been saved to 
some extent by their inaccessibility, but when the forest 
of Wisconsin and Michigan gave out, it was a mad rush to 
gain control of the white and red pines in Minnesota. 
In the state, about 1899, sawmills actually manufactured 
2,342,000,000 feet (f.b.m.) of lumber. By the beginning 
of the present century the Duluth and Superior harbours 
were shipping out 1,000,000,000 feet a year. In 1944 
when lumber was so badly needed to carry out the war 
effort, the American government, with all the stimulus 
that could be given to saw mill owners, produced in 
Minnesota 250,000,000 feet (f.b.m.) of lumber. The 
sawmill industry had been a prime industry of that state 
for the years between 1890 and 1920, it has now disappeared, 
(BERTRAND 1960). 
